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REPORT 

OF THE 

DIRECTOR, U. S. COAST AND GEODETIC SURVEY. 



Department of Commerce, 
Coast and Geodetic Survey, 
Washington^ October 5, 19S0. 
Sir : There is submitted herewith my sixth annual report, the five 
preceding as Superintendent and this as Director of the U. S. Coast 
and Geodetic Survey for tJie fiscal year ended June 30, 1920. This 
is the eighty-ninth annual report of this Bureau. 

PART I. 

Chapter I. Need of a new building for the Washington office of the 
Bureau, pa^s 10 to 14. 

Chapter ll. Salary readjustments needed to produce an efficient 
and permanent personnel, pages 16 to 19. 

Chapter III. Work of the Washington office of the Bureau during 
the fiscal year, pages 20 to 36. 

PART n. 

Chapter I. Alaska needs immediate, definite*, and adequate relief, 
pages 37 to 50. 

Chapter II. What is needed to better accomplish the field work, 
pages 51 to 57. 

Chapter III. Discussion of the field accomplishments during the 
year, pages 58 to 64. 

Chapter IV. Showing conditions and needs of surveys, hydro- 
graphic and geodetic, with illustrations — United States and posses- 
sions, pages 65 to 85. 

PARTni. 

Surveying from the air, pages 86 to 88. 

PART IV. 

Itesum^ of the work accomplished in the field and office during the 
year, pages 89 to 169. 

INTRODUCTION. 

Congress, during its last session, wisely recognized the commis- 
sioned officers of the Coast and Geodetic Survey by giving them a 
pay status equal to the other five commissioned forces of the Federal 
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8 REPORT OF DIRECTOR, COAST AJSTD GEODETIC SURVEY. 

Govenunent. The vital importance of this legislation can not be 
overestimated, for it not only ^ve these highly trained engineers, 
navigators, and surveyors salaries commensurate with their worth, 
but it literally saved a service so important to the protection or 
human life and property. It is no exaggeration to state that the 
action of Congress has already had a national and far-reaching 
effect for the welfare of the country which is hard to estimate. It is 
only a few months since the legislation becaii^e effective, but the 
judgment of the Senate and House is clearly obvious. Already this 
service, which was on the brink of certain demoralization, has taken 
on a new life ; the morale is better than ever before ; in fact, the real 
permanent groundwork of this old and invaluable service, whose 
very foundation has only begun to be genuinely recognized, and after 
more than 104 years of existence it is on a just and permanent basis. 

But with due and full appreciation of what Congress has recently 
done, there are other vital necessities required by this service, some 
of them equally as important as the one relieved by the recent 
legislation. 

There are three other branches of the Coast and Geodetic Survey 
which, judged from their importance and value to the country, must 
be immediately recognized by providing just salaries, if they are to 
be retained, otherwise the necessarily high standard of the Survey 
must permanently suffer. These three classes of men are the com- 
puters (mathematicians), draftsmen (cartographers), and instru- 
ment makers. 

The computers, when first taken into the service, must be highly 
qualified as engineers and mathematicians, such as our best technical 
universities produce, but this is not all. When they have passed 
the rigid examination it takes some years of application to the highly 
specialized work before each man is looked upon as thoroughly 
efficient. 

Then the draftsmen, who, like the computers, are trained in the 
fimdamentals of engineering. Their great value in putting the final 
touches on our charts for navigation fies in the fact that their years 
of experience, after a difficult basic training, gives the confidence in 
them only made possible by the years of practical application in the 
difficult and highly technical work which they encounter each day. 
The word drafteman is deceptive as applied to the men in this serv- 
ice, for their work is not in outlining or drawing a map or chart, but 
a draftsman of the Coast and Geodetic Survey must be able to place 
absolutely accurately on the charts produced by this Bureau symbols 
representing pinnacle rocks, shoals, and other hidden dangers of our 
waters, which information means so much to the protection of human 
life and commerce. 

And the third class of men — long neglected — without adequate pay 
is represented by the instrument makers. Few can interpret the im- 
portance of these men to the service. Without this force, our vessels 
and land parties could hardly function. Years ago the service bought 
most of its instruments, but now, with changed conditions, it is f oimd 
to be more economical, not to mention the saving of time, to manu- 
facture most of the delicate and intricate instruments necessary to all 
the work within the Bureau. Many of the most valuable and com- 
plicated instruments have been conceived by men in the Coast and 
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BBPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 9 

Geodetic Survey. One, the "tide-predicting machine," popularly 
known as the " brass brains of the Cfoast Survey," saves in labor the 
work of 6(f highly trained men. This remarkable instrument predicts 
with precision the tides of the coastal waters of the world. 

The Bureau has already faced the loss of a number of these experts, 
who have been drawn to statutory positions in the other branches oi 
the Government where the pay is not only greater than offered by 
this service but the duties are far less exacting than those at less sala- 
ries now offered by this Survey. Unless this unfortunate situation is 
corrected soon, there is but one answer. The instruments much 
needed for parties will not be forthcoming, resulting in untold delay 
in carrying on the field work. Instruments must be kept in repair at 
all times^ with a reserve in case of emergencies. This is impossible 
under existing conditions. 

The situation in these three branches is just this: The salaries are 
far too low to retain first-class and experienced technical men; the 
now apparent outcome is the necessity of filling many vacancies, if 
filled at all, with men lacking in fundamental training or groimd- 
work, which obviously means delay, inaccuracy, and additional cost 
of production. It takes years of training to produce a first-class 
computer, draftsman, or mstrument maker. Shall the service lose 
this class of technical men and continue to accept anyone available? 
The field force is now on a substantial basis and will be handled with 
economy and thoroughness, and there is needed the same atmosphere 
of efficiency among the technical force in this office; otherwise the 
results will be complicated and delayed. The remedy is clear and 
economical, besides giving correct and prompt results to the country. 

Later in this report fuller detail wUl be given on the merits in- 
volved in this introduction, and also chapters on the imperative need 
of modem surveying vessels, a new building for the Washington 
office, and adequate salaries for the engraving and clerical forces. 
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Part !•— NEEDS OF THE WASHINGTON OFFICE, 
CHAPTER I. 

FURTHER EXPANSION IMPOSSIBLE WITHOUT A MODERN 

BUILDING. 

This Bureau occupies quarters that are a disgrace — insanitary and 
directly responsible for a clear loss of 25 per cent efficiency, not to 
mention the fact that it has far outgrown such quarters as it now 
occupies. The absolute necessity for modern and healthful quarters 
with a chance for expansion is a daily problem. 

1. The Bureau is housed in five different buildings, but one of 
which is designed for its needs. 

2. Employees imder the direct supervision of chiefs of divisions 
and chiefs of sections are necessarily hundreds of feet away from the 
directive head, and communication is only possible through a laby- 
rinth of stairs, halls, and bridges. 

3. Original field records made at a cost of thousands of dollars 
are continuously exposed to destruction by fire. 

4. The assessor for the District of Columbia states that the value 
of the building occupied by this Bureau is $317,900. The average 
yearly expenditure for repair and upkeep of buildings occupied by 
this Bureau for the past nve years has been $7,835. The cost of the 
repairs and upkeep of the buildings yearly is 2i per cent of their 
total value. Substantial repairs can not be made because the basic 
structure of the buildings is not generally sound enough to permit 
them to be made economically. 

The greater merchant marine, the increased marine commerce of 
the coimtry, and the Army and Navy have made calls on the Bureau 
for its navigational charts to the number of 311,699 during the fiscal 
year ended June 30, 1920, of more than four and one-half times the 
demand in 1900—20 years ago— when 71,614 were printed. 

To meet this demand has meant an expansion of personnel and 
equipment, so that the buildinffs that house the Bureau are taxed to 
their capacity. At best these buildings are not adapted to the pur- 
pose for which they are utilized. With the principal two of the five 
buildings originally designed for a hotel with small rooms and 16 
different floor levels in the two buildings, the 5 more or less detached 
buildings (see frontispiece), constructed as they are, result in an 
actual handicap to the orderly and efficient administration of the 
work of the Bureau and the operation of its chart-manufactunng 
equipment. ,•.... 

The office work of the Bureau lends itself to seven natural divisions 
of personnel. These are as follows: (1) The Director's office, with 
directive control of the office and field work; (2) the division of 
hydrography and topography; (3) the division of geodesy; (4) the 
division of charts; (5) the division of terrestrial magnetism; (6) the 
division of accounts; (7) the chief clerk. In but two instances are 
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CHART PRINTING ROOM. 

In the room indicated by the arrow above, more than 20 feet below the street level, Is printed every chart 
that is is^jed by the Coast and Geodetic Survey, more than 300,000 during the current fiscal year. 
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ENVIRONS OF CHART-PRINTING ROOM. 

View of buildings occupied by the Coast and CJcodotic Survey, from New Jersey Avenue, showing the 
location of the building in which the charts of the Bureau are printed. 
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REPORT OF DIRECTOR^ COAST AND GEODETIC SURVEY. 11 

or is it possible to house the members of any one of these divisions 
in contiguous rooms. Arbitrarily it would be possible to distribute 
the personnel of each unit of the office organization so that the mem- 
bers of the several units would be in contiguous rooms, but there are 
other weighty factors that must have consideration in the distribu- 
tion of the personnel of the various sections and divisions. The en- 
graved characters on the copper plates from which are printed the 
charts of this Bureau must be placed with a high degree of exactness 
as to position on the plates in order that the printed charts may 
represent actual conditions and be relied upon without question by 
the navigator. To permit the engraver to ao this properly requires 
that he nave the best possible light facilities. There are relatively 
few rooms in the building occupied by the Bureau that afford proper 
natural light for engra\'ing work. 

For this reason the engravers must be distributed wherever it is 
possible to obtain the requisite amount of natural light. The same 
condition applies to draftsmen, though fortunately we have recently 
been able to bring the draftsmen together on one floor and in one 
building as a unit organization. There are other divisions of the 
office that require the constant consultation of the charts of this 
Bureau, as well as of the Navy Department and foreign countries. 
To have these charts constantly available requires munerous chart 
cases. These chart cases are considerable in size, and therefore those 
by whom they are consulted should be housed in commodious rooms. 
In no instance is there a single room sufficiently large for this pur- 
pose, nor are there large rooms adjoining each other. Therefore, 
charts that are constantly consulted by various employees of the 
Bureau are in cases in widely separated rooms, resulting in an incon- 
venience and loss of efficiency that is readily appreciated. To make 
one set of charts available for two different divisions housed in differ- 
ent buildings, the expedient has been adopted of placing the chart 
cases in two rooms somewhat isolated from both divisions, but at the 
end of a bridge connecting the buildings in which the divisions are 
housed, so they are equally available for both divisions, but with 
considerable inconvenience to each. The heavy chart-printing presses 
used in producing the charts that are issued by the JBureau must be 
placed on a solid foundation, in rooms large enough to contain them, 
and with the best possible light conditions to help the printer in ad- 
justing registration, etc., during the process of printing. The rooms 
most suited to these conditions are found in a small two-story build- 
ing, 20 feet and 8 inches below the street level of the main iront of 
the building in which the Bureau is housed, and 7 feet below the 
street level at the rear of the buildings in which the Bureau is housed, 
surrounded on three sides by buildings that are five and six stories 
high. (See figs. 2 and 3.) 

Furthermore, the rooms are merely large enough to contain the 
chart-printing presses, and the only available place to store the paper 
on which these charts are printed is in a building adjoining the print- 
ing building and which was originally built for a stable. The awk- 
ward arrangement of the buildings and the different floor levels make 
it impossible to bring the paper on which the charts are printed to 
the press by mechanical means ; consequently it is carried in the arms 
of the printers and their helpers. Again, the lack of storage room 
for the completed charts in the printing building requires that they 
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12 REPORT OF DIRECTOR, COAST AJSfJ) GEODETIC SURVEY. 

be carried by hand to a near-by building to be placed on shelves from 
whence they are distributed to meet the official and public demand. 
When it is considered that an average of more than 1,000 charts are 
issued by the Bureau each working day and that many of these charts 
require hand corrections due to uie tact that information has been 
received since their print, necessitating the addition or change by 
draftsmen of the data shown on a chart which requires their assemb- 
ling in a correction room, it would seem of necessity to follow that 
these charts should be kept in a properly constructed mailing room. 
But in order to leave free rooms needed by other branches of the 
service requiring proper light facilities, these charts are stored on 
shelves in five rooms, nearly all considerably removed from the as- 
sembling and correction room and 11 feet and 5 inches below the main 
street level. This means that every chart that leaves the Bureau must 
be carried by hand to a distance of 205 feet and up three flights of 
stairs to the mailing room and from thence to the mail wagons at the 
front of the building. 

As stated before, the engravers of the Bureau must be housed in 
rooms that permit the best possible natural light. To leave free 
as many rooms as possible for this and other work of the same re- 
quirements, such as computing, lithographing, chart correcting, etc., 
the copper pltftes on which the engraving is done and from which the 
charts are printed are stored in the basement of one of the buildings. 
The engravers are in most instances four floors above the basement 
of the Duilding in which these copper plates are stored, and the 
majority of them in other buildings. The only elevator in the whole 
group of buildings is a freight elevator, and that is so removed that 
it is of little use for hoisting the copper plates. They are therefore 
carried by hand up and down several flights of stairs and hundreds 
of feet from the storeroom to the engravers and back to the store- 
room. Resulting from the lack of proper housing facilities adminis- 
trative conditions inherent in directing the work of the divisions and 
sections of the office are even greater and of more serious consequence 
than what might be termed "operating difficulties." In but two 
instances has it been found possible to have the division chief and 
all of the employees under his direction in connecting rooms. The 
employees of one division are distributed through five different build- 
ings in 69 rooms and on 15 different floor levels. (See figs. 4 and 5.) 
The office of the chief of this division is 393 feet from one of his 
section chiefs, and to reach the office of this section chief he must go 
down two flights of stairs and up two flights of stairs. (See fig. 6.) 
The employees of another division are housed in five different build- 
ings in 62 different rooms and on 17 different floor levels. The dis- 
tance between the office of the chief of division and the office of one 
of his section chiefs is 312 feet down two flights and up two flights 
of stairs. Other divisions are almost equally widely scattered. 
(See fig. 7.) 

This distribution is necessary in order to permit an approximation 
of proper working conditions for those engaged on the technical 
duties requiring a high degree of accuracy, and therefore the best 
possible light conditions. Even with this wide distribution of em- 
ployees, the conditions are far from satisfactory. Within a com- 
paratively few years wonderful progress has been made in the Bu- 
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REPORT OF DIBEOTOE, COAST AND GEODETIC SURVEY. 13 

reau in the development of the process of producing charts by lithog- 
raphy through photographic transfer from the original drawings. 
This has resultea in a material saving and in time and effort to get 
our charts into print, and to the introduction of this method can be 
attributed our ability to keep abreast the very greatly increased 
demand for the charts of this jBureau. One of the steps in the pro- 
duction of charts by' this method requires the adjustments of the 
negatives by lithographic artists. On the accuracy of these adjust- 
ments depends the accuracy of the finished chart. Therefore, the 
lithographic artist should work under conditions where he has proper 
light and where his work is not disturbed by vibration, yet as tnis 
is comparatively a new development there was no place to assign the 
new personnel of lithographers, lithographic artists, and litho- 
graphic transferrers except on the second floor of the chart-printing 
room, directly over the prmting presses and surrounded on three sides 
by buildings five and six stories high. Under these conditions arti- 
ficial light must be resorted to to a considerable extent, and other dis- 
turbing agencies make it hardly possible to attain the accuracy that 
is necessary. Twenty years ago photography was largely dependent 
on natural light, and therefore the photograph gallery of tnis Bu- 
reau was placed on the top floor of one of the six-story buildings of 
the Bureau. At the present time photography is almost entirely 
done by artificial light, and, due to the fact that there is no other 
suitable or vacant place other than where now located, the photograph 
gallery can not be moved. Yet it is next to impossible to produce ac- 
curately registered negatives for printing purposes owing to the fact 
that the camera is thrown out of adjustment oy the vibration of the 
building from the heavy chart-printing presses being run in the 
basement of the building adjoining. 

Aside from the disturbing elements under which the Bureau is con- 
ducting its work in the Washington headquarters, there is a constant 
menace to the quarters of the Sureau by fire. The Bureau should 
be housed in a fireproof building, or certainly one more nearly fire- 
proof than the present buildings. Gasoline, benzol, alcohol, ether, 
and other explosives are necessarily used in photography, lithog- 
raphy, and plate-printing work. Although every precaution possible 
is taken, there is a constant dread of what might happen should a fire 
start under favorable conditions, as there is so much inflammable ma- 
terial in these old buildings that they would certainly be absolutely 
destroyed should a fire get much headway. Incipient blazes have 
started from various causes, such as overheated steam pipes, spon- 
taneous combustion from oily rags, crossed electric wires, etc. 
Every precaution is taken, even to the extent of putting oily waste 
in containers partly filled with water and removing accumulation 
from the buildings at the close of each day, and keeping explosives 
such as gasoline, benzol, ether, etc., in automatically closing con- 
tainers. However, it is in all probability merely a question of time 
under present conditions when we shall have a disastrous fire. The 
consequences of such a fire are appalling to contemplate. On the 
original field records of this Bureau are based the data that are con- 
tained on every nautical chart of the navigable waters of the United 
States nn-^ ]wsse>ssions. Likewise, on the original field records in 
tliese buildings are based the triangulation and leveling controls of 
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the interior of the entire country. The Coast and Geodetic Survey 
is the only institution of its kind in the country, and its work is 
duplicated nowhere else. Therefore, with the destruction of its 
original records are destroyed the results of more than 100 years 
of continuous effort by the scientific men who have contributed to- 
ward the development of surveys that are the most precise in the 
world. When these records are destroyed they can only be repro- 
duced by actual resurveys in the field, and so accurate must they 
be that progress is necessarily slow. It would take years to again 
build up basic and original data sufficient to use to produce charts 
and standard controls for mapping the country. 

In brief, the Bureau has necessarily expanded to meet the official 
and public demands that have been made on it for its product — 
hydrographic charts, nautical publications, and geodetic publica- 
tions. This expansion has now reached the point where it is abso- 
lutely impossible to go further in its present quarters. Where the 
restriction on the proper operating and administrative work of the 
Bureau is so pronounced it is no longer a problem as to how best to 
do some things but a problem as to how to do them at all. Records 
that are constantly consulted are not readily accessible. Intercom- 
munication between the chiefs of divisions and chiefs of sections, 
as well as employees, is possible only at a great inconvenience and 
at an absolute waste of valuable time. There is a constant menace 
to the valuable public records stored in the building through fire. 
It is impracticable to provide elevator service, though the buildings 
are five and six ptories high, because the buildings are so separated 
that a single elevator would serve but one building. The buildings 
are so cut up that it is necessary to devote more than the average 
amount of space in them to halls and bridges between buildings, so 
that nearly one-fifth of the area of the buildings is used for these 
purposes. The point has been reached where the cost in the loss of 
time and efficiency, to say nothing of the dangers through fire to 
valuable records, is far more than would be the interest on the in- 
vestment were a proper building constructed for the Bureau. 
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CHAPTER II. 

FURTHER SALARY READJUSTMENTS NEEDED TO PRODUCE AN 
EFFICIENT AND PERMANENT PERSONNEL. 

If the Government work is to progress as it should, the Govern- 
ment must provide pay for its employees that will permit at least 
the ordinary comforts of life and some provision for old age. The 
average pay of the Government worker imder existing economic 
conditions does not permit this. The entrance pay is generally too 
low to attract applicants, especially eflBcient applicants. The result 
is that in the lower grades there is a continuous turnover and a very 
large number of temporary employees. This condition puts a direct 
burden on the whole organization in that the time of the seasoned 
employees is constantly consumed in instructing the new temporary 
employees. Further, under present economic conditions, the Gov- 
ernment organization is becoming weakened, due to the fact that the 
entrance pay in the Government service is relatively lower than 
elsewhere. 

Consequently the Government secures only those who are unable to 
meet the competition where the entrance pav is higher. This brings 
into the Government service many who will never fit themselves for 
larger responsibilities. The result is, at least in this Bureau, that 
we have numbers of low-paid employees. This condition has been 
brought about by the very low entrance salary and the necessity of 
filling the positions permanently by the appointment of those best 
fittea for the work, though it was known that they were not up to 
the standard that should be maintained. Experience has proven 
that work is more efficiently and cheaply done by a fewer number 
of relatively well-qualified employees than by a larger number of 
lower-paid, inefficient employees. Even the efficient employees who 
came mto the service before the Great War and who have proven 
their worth are very much dissatisfied with present conditions. 

Outside the Government service the salaries and wages have 
steadily increased to meet the increased cost of living, but within 
the Government service the statutory salaries have remained about 
the same, with the exception of the relatively inconsiderable bonus 
of $240 per annum. The administrative officer in the Government 
service who is zealous that a high degree of efficiency shall be main- 
tained is constantly face to face with the fact that the employees 
under his supervision are not adequately paid and that he dare not 
force the issue by demanding results tnat the Government should 
ordinarily expect, because to do so would be to drive those employees 
from the service, only to be replaced by less-experienced and less- 
competent emplovees. The outcome is a compromise in a not too 
rigid exaction oi results, a condition in which the morale of the 
whole organization suffers, and a laxity of discipline which will be 
harder to overcome the longer it is allowed to continue. Yet the 
administrative officer has but one or the other of two courses open 
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to him: He can exact the services that should be rendered under 
ordinary conditions and have a continuous turnover of dissatisfied 
emplovees, or he can lower the standard of duties required to meet 
the salary scale provided by the Government and retain fairly con- 
tinuously the employees who receive intermediate salaries. The en- 
trance grades are never continually filled either by permanent or 
temporary employees. 

During the nscal year for which this report is presented there were 
34 statutory places provided for computers in this Bureau; 23 of 
these places were filled permanently at the close of the fiscal year 
and there had been 23 separations from this roll during the year, or 
a turnover of 67 per cent. 

Thirty-six statutory places were provided for draftsmen; 23 of 
these places were filled i)ermanently at the close of the year and 
there had been 7 separations from this roll during the year, or a 
turnover of 19.4 per cent. Forty-two statutory places were provided 
for clerks; 34 of these places were filled permanentljr at the close 
of the year, and there had been 15 separations from this roll during 
the year, or a turnover of 35.8 per cent. Thirty places were pro- 
vided for messengers and laborers; 28 of these places were filled 
permanently at the close of the year and there had been 18 separa- 
tions from this roll during the year, or a turnover of 60 per cent. 

While there has not been anv turnover in the class oi employees 
designated as ^'instrument makers^' in this Bureau, this is due to 
the tact that it has been impossible to fill vacancies caused by resigna- 
tions. The term " instrument maker " does not convey the full mean- 
ing of the qualifications and training requisite for a person to per- 
form the duties assigned those appomtea under that designation in 
this Bureau. There is really no readily understood term that fit- 
tingly describes the position. The prime requisite of the work of 
this Bureau is that tne results must be precise. In order to attain 
exactness, it is absolutely necessary that the instruments used in 
making these precise surveys shall be graduated perfectly and shall 
be mecnanically perfect. The ordinary toolmaker or lathe operator 
found in factories is about as proficient in repairing and keeping in 
order the delicate and exact instruments that are used by this bureau 
as is a blacksmith to repair a watch. There are very few firms in 
this country that devote any time to making surveying instruments 
of the more precise kind such as are used by this Bureau. Those 
engaged in making instruments produce the cruder instruments used 
by surveyors. Surveying instruments used for scientific purposes 
are admitted to this country duty free. ^ Therefore most of our pre- 
cise instnunents are imported. "Resulting from this there is in this 
country a very limited field from which to draw men qualified to 
repair these delicate and exact instruments, and when we do secure 
such men they are invaluable to us. They are drawn largely from 
those who have had apprenticeship in shops abroad where these 
instruments are made. An early apprenticeship and training in this 
work where these delicate instruments are made fits a man better for 
this work than a long term of actual experience in shops where close 
attention to exactness and painstaking care in handling delicate 
instruments is not required. The deplorable feature of this matter 
in connection with this Bureau is that the salary paid our instru- 
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ment makers for this precise work is so very low that men can go 
from our shop, where so much care is required, to a quantity-pro- 
duction shop, where less care is required, and get more pay. Men 
have left our shop and gone to other shops where the requirements 
as to care and accuracy are not so great, and therefore the tax on the 
man is not so great^ and secured more than twice the amount of pay 
thejr were drawing m our shops. 

The inadequacy of the existing salary scale in the engraving 
section is striking. 

Our youngest engraver has had 10 years of experience, and the 
others have been working at engraving for from 11 to 61 years. 
Their basic salaries range from $1,000 to $2,500. 

One engraver with an experience of over 30 years and two engrav- 
ers appointed last year have resigned, and we have two uimlled 
positions. 

The engraver with 10 years' experience, who is receiving a basic 
salary of $1,000, is being urged by his family and friends to leave 
and IS made a subject of ridicule by others for remaining. He has 
remained, he says, because he likes engraving better than any other 
work he could get to do and hopes he will not be driven to do less 
congenial work by a continuance of his inadecjuate pay. He is a 
skUied engraver and faithfulness personified in his work. He should 
easily command a much higher salary in another occui)ation. 

A cause for this discouragement and these resignations is shown 
by contrasting the pay of our engravers with that in the Bureau of 
Engraving and Printmg. 

A comparatively few years ago the average pay of the letter 
engravers of the Bureau of Engraving and Printing and our en- 
gravers was practically the same; now there is a difference of 50 per 
cent, although it is generally recognized that the skill and study 
required is the same in both branches of engraving. 

The bank-note engraver can get employment outside the Govern- 
ment ; the chart engraver can not. The employer of both is the same, 
yet one branch has been advanced 50 per cent, while the other has 
received practically no increase for years. As the value of the bank- 
note engraver has been apparently determined by his ability to re- 
ceive higher pay outside the Government and the chart engraver 
can not get employment elsewhere, he is. of course, discouraged by 
the change of relation between his pay and that of those who receivea 
practicaUy the same only a few years since. Now, driven by discour- 
agement the chart engravers are seeding employment at other work. 
Four engravers have resigned in the past three years and but one 
of these is at present employed at engraving. 

Older engravers have no encouragement to offer their sons or 
friends who would like to learn chart engraving ; the grade of appren- 
tices on the register has become lower and lower, and now the Civil 
Service Commission has no eligibles at all. 

It is apparent that no young man of ability will seek employment 
at work which takes vears to learn and where he is almost aosolutely 
under the control oi his employer, when he feels that he will not 
receive the same relative treatment given others whose profession 
requires no longer to learn and whose chance of employment is not 
confined to one employer. But because the Government alone makes 
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charts a corps of engravers is the most permanent force we can 
have. The engraver, liowever, has to be trained and must feel that 
his pay will be adequate to the time required to learn his profession. 

We have reached the point where young men of the required ability 
are no longer seeking engraver's positions, and engravers of over 30 
years of experience are resigning. 

The majority of our charts are on copper plates — which have to be 
kept corrected to date — and more charts should be on copper. 

Properly paid, we can maintain a force of engravers who can be 
depended upon to have our charts ready at all times, but the discour- 
agmg conditions under which the engravers have been working is 
having a serious effect on the Coast and Geodetic Survey, an effect 
which will take years and added expense to overcome unless the relief 
we are asking is given us. 

In my annual report for the past fiscal year I mentioned the waste 
of Government funds due to the lack oi properly trained clerical 
help. This arises from the fact that a clerk to iJe of value to the 
Bureau must have at least a working knowledge of its scientific 
methods. In but few instances is the work of any two clerks in the 
Bureau of like character. Therefore clerks are not readily inter- 
changeable, and when a vacancy is created it falls on the chief of 
division or chief of section to either do the clerical work of the divi- 
sion or section or spend a very considerable period of time training 
those unacquainted with the clerical work in that particular branch 
of the service. Due to the continuous separations from the service, 
many of our specialists, as computers, draftsmen, etc., have become 
really quite proficient in the performance of clerical work at a mate- 
rially lessemng of accomplishments in these specialized lines, not 
because they have any preference for clerical work, but because in- 
formation is requested Tby the public, and there is no other means 
of having it placed in proper shape to transmit to the public. This 
whole situation is brought about by the low salary scale for clerks in 
the Bureau and the relatively poor prospects of advancement of 
those who continue with the Bureau. Salaries should be provided 
to retain the services of competent clerks. Within the year many 
competent clerks have left the Bureau and had offers to leave at far 
better salaries than are there provided. Only recently one of our 
clerks at $1,800 per annum left the service to take a position outside 
the public service at a salary of $300 per month. 

The result of the continuous turnover mentioned above is not yet 
fully apparent, nor is it yet reflected in the lack of integrity of the 
data issued by the Bureau, and my hope is that it will never reach a 
point where the exactness of the data issued by the Bureau can be 
questioned ; yet, right now, it is only through the zeal, painstaking 
care^ and extra efforts of the seasoned employees of the Bureau who 
are imbued with the old-time tradition that the Bureau shall set the 
standard of scientific exactness that prevents the disintegration that 
would mean the loss of fidelity of our charts, tide tables, magnetic, 
and triangulation publications. The results shown on our charts and 
in our publications are now accepted without question as to accuracy, 
and this the public has the right to expect, but it is my duty to issue 
the warning that a dissatisfied and underpaid personnel and one that 
is continuously changing with only the responsibility of the moment, 
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can not be expected to continue to produce the high standard of the 

East, and there is a point where the supervisory officials, no matter 
ow diligent, can not check these inaccuracies because it is not hu- 
manly possible to go into the details necessarily involved. The only 
possible way to maintain this accuracy is that the individual em- 
ployee shall be so zealous that his work shall be above question, and 
this ideal is only approached by having properly compensated con- 
tented employees, and can never be expected where employees who 
are engaged on work that it has taken years of experience and train- 
ing to make them proficient at are receiving salaries below those of 
lesser ability and training in private life. I am continuously con- 
fronted by the fact that employees of our intermediate grades are 
leaving this service and receiving salaries that are higher thtin those 
received by our highest grades. Such conditions are not conducive of 
efficiency in Government service. Eight now we are dangerously 
near the point where these conditions will be reflected in the inac- 
curacy of the product of this Bureau. 
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CHAPTER III. 

WORK OF THE WASHINGTON OFFICE OF THE BUREAU DURING 

THE FISCAL YEAR. 

The organization of the Washington office throughout the year, by 
divisions and sections, was., as in the previous year, namely : 

Division of hydrographic and geodetic engineer in charge of the 
office: Section of instruments, section of library and archives, and 
section of miscellaneous. 

Division of hydrography and topoppiphy : Section of field work, 
section of vessels and equipment, section of coast pilot, and section 
of tides and currents. 

Division of geodesy. 

Division of charts: Section of field records, section of drafting, 
section of engraving, section of printing and sales, section of pho- 
tography. 

Division of terrestrial magnetism. 

Division of accounts. 

The work done by the Washington office during the fiscal year, by 

divisions of the office, was as follows : 

/ 

DIVISION OF HYDROGRAPHIC AND GEODETIC ENGINEER IN CHARGE OP THE 

OFFICE. 

The general duties of this division were : The care and upkeep of 
the buildings occupied by the Bureau ; the designing and repairing of 
surveying mstruments and equipment and packing and shipping 
them to the field parties ; the purchase of supplies for the office, for 
chart-printing work, and to some extent for the field; the care and 
custody of most of the original records of field surveys, as well as the 
library of printed publications kept for the use of the Bureau; the 
keeping of the records of leave of absence taken by the personnel of 
the Bureau; the custody and accounting for the receipts from the 
sales of charts and publications sold by the Bureau. 

The more important items of accomplishment of the division of the 
hydrographic and geodetic engineer in charge of the office during 
the fiscal year for wliich this report is made are as follows : 

In my annual report for the fiscal year ended June 30, 1919, 1 gave 
considerable details regarding the new two-story building then in 
the course^of construction to house the chart division and instrument 
section and the carpenter shop. The needs of the country for the 
output of this Bureau in the way of charts and special instruments 
for the Army and Navy were so great during the war and its activi- 
ties were so hampered through the congestion due to inadequate 
housing facilities that the President allotted funds out of those 
placed at his disposal by Congress for the national defense for the 
construction of a new two-story building for this Bureau. This 
building had not been completed at the close of the fiscal year ended 
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June 30, 1919, and was not completed and accepted until August 4, 
1919. 

The responsibilities of transferring furniture, equipment, and 
records to the new building fell on the office of the hydrographic and 
geodetic engineer in charge of the office. Considering the small force 
available for the purpose of moving, the labor in connection with 
the moving of the equipment of the various sections of the office 
involved in the transfer from the old to the new building was enor- 
mous. The following parts of the office were involved : The drafting 
section, instrument section, carpenter shop, electrotype section, sec- 
tion of tides, parts of the division of geodesy, and the library and 
archives. This work was commenced about the middle of June and 
was not completed until the close of the calendar year. Even after 
the latter date minor details were left. The original topographic 
and hydrographic sheets, indicating records of surveying work in 
the field, afl of which were in metal tubes, drawings, blue prints, and 
miscellaneous documents, were transferred from the second floor of 
the Butler Building to the new vault in the Chart, Instrument, and 
Archives building and placed under the charge of the division of 
charts. The transfer involved the inspection of every tube and 
making record of all the contents. The work was commenced Au- 
gust 21 and was finished October 13, 1919, for the tubes then in 
storage. With the transfer of the chart division, the instrument 
section, and the carpenter shop in the new building, much needed 
room was left for expansion oi the then exceedingly cramped other 
divisions of the office. Before occupying these rooms they were 
thoroughly renovated, painted, and equipped with modem illumina- 
tions. 

Many other repaii*s were made to the buildings occupied by the 
Bureau during the year, such as painting exposed parts of the build- 
ings, equipping rooms tor chart-paper ^rage and drying purposes, 
making changes in the heating equipment, replacing broken slate in 
the roofs of the buildings, repairmg ceilings, etc. The total cost of 
these repairs was $14,830.21. 

During the fiscal year the expenditure from the appropriation for 
general expenses for the Bureau, which was under the direct control 
of the office of the hydrographic and geodetic engineer in charge of 
the office, was $103,233.66. 

In the library and archives 59 hydrographic and 26 topographic 
sheets, each representing new surveys maae by the Bureau, were 
received. Two thousand six himdred and fifty-one office and ob- 
servatory records were received in the library and archives during 
the fiscal year. 

In the instrument section 963 instruments, apparatus, and tools, 
etc., were repaired during the year, and 475 instruments, tools, and 
apparatus were made. 

The official records kept by the hydrographic and geodetic engineer 
in charge of the office show that the total number of permanent and 
temporary employees in the office and field, which included all em- 
ployees appointed through civil-service certification, were as follows: 

Office force 230 

Field force 217 

Total 447 
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The above is in reference to classified employees. Persons employed 
in rodding, as chainmen, recorders, and heliotropers in the field parties 
and enli^d men on vessels of the survey, are not enumerated, as 
these are variable, depending upon the extent of activities in the field. 

The statistics in regard to leaves of absence during the calendar 
year are as follows : 

Days. 

Annual leave 7, 940 

Sick leave 2, 190 

Without pay leave 2,423 

Accrued leave 2, 252 

While the number of employees naturally varied on account of 
resifjnations and vacancies, calculated on the number actually in the 
service on June 30, 1920, as a basis of computation, the average an- 
nual leave taken during the year by each employee was approxi- 
mately 20 days and the sick leave 4.9 days. 

Based on the oflBcial day of seven hours, the overtime performed by 
the employees of the office during the fiscal year amounted to 1,050 
days. 

The receipts from the sale of charts, publications, etc., amounted to 
$58,847.47. 

DIVISION or HYDROGRAPHY AND TOPOGRAPHY. 

The division of hydrography and topography has supervision of 
all hydrographic and topographic surveys executed by this Bureau, 
which supervision includes the determination of where surveys or 
resurveys are required, how they shall be conducted, the preparation 
of instructions for surveying parties, the organization of the parties, 
and the inspection of the field work, and examination of the records. 
It is also charged with the construction, maintenance, and repairs of 
the vessels and other field equipment, except instruments, the records 
of the seamen employed on this work, the compilation of the coast 
pilot in the field and office, the observation oJE tides and currents, and 
compilation of tide tables. 

For administrative purposes the division is divided into four sec- 
tions, known as the section of field work, section of vessels and equip- 
ment, section of coast pilot, and section of tides and currents. Each 
of these sections is under the direction of a hydrographic and geodetic 
engineer, who is responsible for the efficient and economical adminis- 
tration of his section under the general supervision of the chief of 
the division of hydrography and topography. 

The division also has supervision over the five field stations located 
at Boston, New York, New Orleans, Seattle, and San Francisco, re- 
spectively, and over the office at Manila, P. 1. The field stations are 
for the purpose of maintaining close relations between the Bureau 
and those who have occasion to use its charts, publications, and data, 
and to keep the Bureau informed of the needs for further work in 
these general localities. They are in charge of hydrographic and 
geodetic engineers, but undertake no surveys unless specifically 
directed to do so by this office. The Manila office performs all of the 
functions of a field station, and, in addition, has direct charge of all 
surveys in the Philippine Islands and much of the office work inci- 
dent to these surveys. This office is in charge of a hydrographic and 
geodetic engineer, with the title of director of coast surveys. 
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SHIP AND LAUNCH HTDBOGBAPHT. 

Statute 
Ship hydrography performed during fiscal year : square miles. 

Delaware Bay approach 213.00 

Chesapeake Bay approach 480.00 

Doboy Sound, Ga,, entrance 42. 25 

Pamlico Sound, N. C 76.00 

Key West vicinity 300. 10 

Gulf of Mexico — Pensacola Bay — Chandeleur Islands and off- 
shore surveys 3, 203. 00 

Mississippi River approach 225. 00 

San Francisco Bay — 109. 60 

Point Arena to Cape Mendocino, offshore surveys 705. 00 

Shellkof Strait, Alaska 650. 00 

Philippine Islands 21, 770. 00 

Wire-drag surveys : 

Between Portsmouth N. H., and Cape Porpoise, Me 146. 00 

Approach to Narragansett Bay and Block Island Sound 175. 00 

Lake Washington 5. 00 

Stephens Passage, S. E. Alaska 127.50 

Launch hydrography: 

Cape Porpoise Harbor, Me 1. 00 

Gravesend Bay, N. Y 2.00 

Hampton Roads, Va 22.25 

Topography in connection with hydrographic work was executed, 
ss f oUows : 

Shore line. Area, 
statute miles, square miles. 

Gravesend Bay, N. Y 6.0 

Hampton Roads, Va 13. 3. 

Pamlico Sound, N. C 115.0 76.0 

Doboy Soimd, Ga 12.0 11.0 

Vicinity Key West 18.7 2.8 

Humboldt Bay, Calif 17.0 

San Franscisco Bay, Calif 76.0 11.1 

Lake Washington and Lake Union, Wash 110. 50. 

Shellkof Strait, Alaska 28. 

Virgin Islands 44.0 50.0 

Philippine Islands 214.0 340.0 

DIVISION OF GEODESY. 

The most important pieces of work which were completed during 
the past fiscal year or which were in progress during that time are 
the following : 

Computation and adjustment of the follov^ing pieces of triangula- 
tion: 

L Primarj' triangulatlon, Rio Grande 6. In Maryland and District of Colum- 
arc. bla. 

2. Primary triangulatlon, ninety- 7. In Massachusetts. 

eighth meridian, vicinity of Waco, 8. In Rhode Island. 
Tex., eastward to Mansfield, La. 9. In New York. 

3. Primary triangulatlon, Sanford to 10. In California. 

oblique arc. 11. In Virginia. 

4. Primary triangulatlon, Mexican- 12. In Oregon. 

California boundary. 13. In Maine and New Hampshire. 

5. Primary triangulatlon, vicinity of 14. In Florida. 

Phoenix, Ariz. 15. In Utah and Arizona forest areas. 

Computation of the following lines of precise traverse : 

1. Norfolk, Va., to Savannah, Ga. 4. Little Rock, Ark. to Memphis, Tenn. 

2. Wilmington to Sanford, N. C. 5. Mansfield to Naples, La. 

3. Macon to Griflin, Ga. 
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Computation and adjustment of the following lines of precise 
levels : ' 

1. Troy to Whitehall, N. Y. 5. Buffalo to Watertown, N. Y. 

2. Hillsboro, Tex., to Natchez, Miss. 6. Kirk, Greg., to Roseville, Calif. 

3. Norfolk, A^a., to Savannah, Ga. 7. San Jose to Santa Ana, Calif. 

4. Rouses Point to Niagara FaUs, 8. Southeastern United States. 

N. Y. 

The computation of azimuths along the following pieces of tri- 
angulation and traverse were in progress : 

1. Savannah, Ga., to Norfolk, Va. 7. Little Rock, Ark., westward. 

2. Wilmington to Sanford, N. C. 8. Yuma district, Ariz. 

3. Rio Grande arc, Tex. 9. Little Rock, Ark., to Memphis, 

4. Texas-Louisiana, from the ninety- Tenn. 

eighth meridian eastwardly, 10. Macon to Forsyth, Ga. 

5. Utah-Oregon arc 11. Salt Lake, Utah, to Needles, Calif. 

6. Sanford, N. C, to oblique arc. 12. North Vernon to South Bend, Ind. 

Computations were made of longitude along the Rio Grande arc 
and the ninety-eighth meridian eastward. Latitudes were computed 
along the traverse lines in Georgia, North Carolina, and Virginia. 

One of the most important pieces of work completed during the 

East fiscal year was the primary computation of all the traverse 
nes in Florida, Georgia. North and South Carolina, and Virginia. 
These lines were run at trie request of the Chief of Engineers, IJ. S. 
Army, during the war. In this preliminary computation an adjust- 
ment was made only for the azimuths, which were held final as ob- 
served. The discrepancies resulting irom the computation in lati- 
tude and longitude were distributed according to the number of 
positions involved. 

In most of the lines of traverse it is difficult to get an idea of the 
degree of accuracy, on account of the fact that they start with and 
end on the tertiary triangulation of the coast. But in the two in- 
stances where we have complete loops of traverse the errors of closure 
are comparatively small. For instance, in the all-traverse loop, 
Macon-Savannah-Everett Citv, about 400 miles in length, the closure 
is 1 part in 110,000. In the all-traverse loop, Albany-Callaham, 330 
miles in len^h, the closure is 1 part in 250,000. 

Computations were made of a base-line measure at Santo Domingo, 
the field work for which was done by the United States Geological 
Survey. 

Computations were also made of the triangulation done in the 
Utah and Arizona forest areas, which was requested by the Forestry 
Service. 

DIVISION OP CHARTS. 

The accomplishments of the chart division, under proper headings, 
are as follows: 

CHABT PBEPARATION. 

Drafting. 

Schemes approved for new charts 1 

Approved schemes on hand, charts not started 3 

Compilations of charts finished 14 

Compilations of charts In hand 8 

Compilations of started work discontinued awaiting data 1 
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Compilations of started work discontinued for more pi-essing work 2 

Smooth drawings of charts finished 11 

Smooth drawings of charts in hand 7 

Extensive corrections finished 99 

Extensive corrections in hand 6 

Extensive corrections started, work discontined awaiting data 2 

Drawings for minor corrections finished 645 

Corrections, aids or dangers 2,334 

New charts or new editions for which complete aids were plotted 73 

Proofs of charts verified 2, 176 

New drawings of charts from Manila, finished 5 

Drawings of extensive corrections from Manila, finished 5 

Drawings of extensive corrections from Manila in hand 1 

Etigraving. 





1916 

2 
11 



3 
11 
16 

3 
10 
24 

2 

314 

14 

22 

MM 


1917 


1918 


1919 


1920 


New plates ftr new oiiarts flnislied. 


8 

6 

3 

2 

16 

3 

9 

18 

32 

- 2 

269 

7 

21 

696 




6 

9 

2 

1 

8 

7 

17 

10 

16 

14 

144 

17 

1 

719 




6 
6 
1 
1 

12 
8 
9 
9 
12 
4 

176 
5 
2 

236 
2 


4 


Mew plates fir new charts in band 


6 


New plates t'rr lithograph charts fi nished 





New Dlates tv Hthogra'^h charts in hand 





New basso!' for new editions hnished 


11 


New bassos f'^ new editions in hand 


4 


New bassos Ttt reissues finished 


13 


New ba^^soiK for reissues In hand 


8 


Hew editirns oslng current piates finished 


15 


New editions using current plates in hand 





Extfflisive corrections applied to plates 


158 


Eztmsive corrections applied to plates in band 


20 


Misceflaaeoas plates engraved or corrected 


13 


Minor corrections applied to plates 


247 


Charts in sectirn, engraving not stu'ted. 


1 












1 





Photographing, 



Olass nepat ires made 


1.^ 

600 

2,411 

18,5^9 

364 

43 


1,100 



8,413 

36 

391 

1,921 

19,017 

306 

96 

197 

63 

41 

29 


1,761 

8 

489 

1,513 

11,650 

109 

52 

267 

118 

22 

110 


1,602 



2,430 



359 

1,824 

22,476 

' 88 

18 



39 

235 

354 


1,481 



Paper n^^a^fr f^ made 


Velox printfi made. 


1,345 



VandTB e pr hi ts madis 


Bromide prints madf , . , 


322 


Blue prints made 


093 


Pbotnttat crintsmade...... 


16,416 
45 


l-antem slides made 


Mfttrieesmade 


108 


ItedevelopinR orints 


79 


Jriflts mounied 


39 
32 
30 


214 


Negatives de\ eloped 


10 


Photolithographic negadves for charts 


690 


Varifivn mlsoeilaneouR negatives and prints 

















Two outstanding and sharply contrasting facts tell the story of 
the division of charts for the past fiscal year. 

1. The issue of charts has been the greatest of any year of the 
more than 100 that the Bureau has been in existence. 

2. The failure of Congress to provide salaries adequate to enable 
the Bureau to fill existing vacancies in its technical chart-producing 
force has made the problem of meeting this increased demand one of 
unusual difficulty. 

Navigational charts are as essential to the upbuilding of an Ameri- 
can merchant marine as are the compasses or the engines of the ves- 
sels themselves. Without the charts of the Coast and Geodetic 
Survey free and unrestricted intercourse by water is impossible, as 
this Bureau alone produces the charts of all navigable tidal waters 
under the jurisdiction of the United States. 
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The gradual increase in the number of charts issued, cuhninating 
in the abruptly increased issue during and subsequent to the war, is 
shown in the following table, in which the issue for the fiscal year 
1900 is taken as 100 per cent and the figures for the subsequent years 
represent the ratio of the issues for those years to the 1920 issue : 



1900 


1905 


1910 


1915 


1917 


1918 


1919 


1920 


100.0 


145.7 


168.1 


181.8 


353.6 


339.9 


441.5 


455.8 



It should not be assumed that this increase in the issue of charts 
necessitates a corresponding increase in the force required to produce 
them. The time and effort required in chart production is expended 
in handling the miscellaneous data received from various sources, 
compiling them into the form in Avhich they are to be published, 
and carrying them through the various processes by which they are 
finally put down on the printing plate. Once the plate is ready for 
printing, with presses printing from 1,000 to 3,000 charts per hour, 
it is a simple matter to so increase the size of the editions printed 
as to take care of any reasonable increase in demand. 

These large issues of charts in recent years, therefore, are chiefly 
significant as indicating the increasing extent to which the charts 
are being used, and in direct consequence the increasing importance 
of keeping them so adequate and up to date that the mariner can 
use them with assurance that they portraj^ the actual present con- 
ditions of the waters he is traversing. 

At present such assurance is not justified by the facts. Some of 
our charts are all that they should be. They are constructed accord- 
ing to the best modern practice and the information shown on them 
is adequate and up to date. Others, however, are so antiquated as 
to be of questionable value. They were constructed many years ago 
on projections which have long since been discredited for naviga- 
tional use, and the information shown on them is so obsolete, due 
to progressive natural and artificial changes in the regions charted, 
that recent data received as a result of surveys by the Coiist and 
Geodetic Survey, the Army Engineers, and the Geological Survey 
can not properly be coordinated with the remainder of the chart. 

This, then, is the present situation. We at present have charts 
more or less modern of all navigable waters of the United States and 
its dependencies. Some of these charts are not what we would 
have them ; they are on the polyconic instead of the Mercator pro- 
jection ; they are not oriented with the meridian ; they have an un- 
staisfactory, or two units of soundings; they are not of adequate 
scale for most efficient use; the surveys upon which they are based 
have been superseded by later ones, of which only the most essential 
parts of the information obtained are charted, or the surveys them- 
selves are inadequate or incomplete, etc. 

Our problem is twofold — first, and most important, to keep our 
present charts corrected for all essential information received since 
they were originally compiled ; and, second, to as rapidly as possible 
replace our present unsatisfactory charts with new ones conforming 
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to our present standards. Correction of the present charts must be 
^ven precedence. The essential parts of the constant stream of 
information pouring into this office, showing the river and harbor 
improvements W the United States engineers, changes in aids to navi- 
^tion by the Bureau of Lighthouses, natural or artificial changes 
in channels or shoals revealed as a result of our own surveys, and 
water-front development by various municipal or private agencies, 
must be passed on to the navigator. Only such time as remains from 
this task can be devoted to the production of new charts. 

In 1910, and again in 1916, thorough surveys of this situation were 
made and a definite program of chart reconstruction was adopted. 
To-day, 10 vears after the work on this program was begun, this 
pr^^m is less than 50 per cent completed. 

The present situation, therefore, is one of long standing. It is not 
a result of the war; in fact, the war has tended to improve it rather 
than make it worse, for the amount of material for chart correction 
received during the war was much below the normal, due to the 
transfer to military duties of the men who formerly had been collect- 
ingsuch material m the field. 

The reason for this situation is lack of trained personnel to produce 
the charts. 

The number of employees required should be measured by the 
amount of data received by the Bureau for application to the charts. 
Between 1900 and 1919 the amount of such material received in- 
creased over 160 per cent, while the number of employees authorized 
to chart it increased only 16 per cent. Obviously, if the methods and 
practices in use in 1900 were even reasonably efficient according to 
the then existing standards, the only possible result would be that 
much of the information received would never be adequately shown 
on our charts. Such has been the actual result. In spite of every 
ecoomy in time and effort which the Bureau has been able to effect, 
we are to-day issuing to the navigator charts which are obsolete in 
many important respects, while the material from which modem 
and adequate charts might be constructx^d is lying in our achives. 

The remedy for this situation is twofold : 

1. Slight increases in the numbers of employees authorized in the 
various sections engaged in chart production. 

2. Such increases in the salaries of positions at present authorized 
as will enable the Bureau to fill existing vacancies and to hold the 
men who demonstrate their capacity for the work. 

Consider, for example, the draftsmen. The drafting force com- 
pletes and verifies records turned in by the field parties, compiles all 
the material into the form in which it is finally to appear on the 
charts, and makes finished drawings of such charts. The present 
authorized number of draftsmen is 36. Forty would be an adequate 
number to properly handle the work. But of the 36 authorized posi- 
tions, approximately 40 per cent have been vacant during the past 
fiscal year, and there is no prospect of filling those vacancies at the 
salaries which the Bureau is authorized to pay. The draftsman 
should have had at least three years of a civil-engineering course. 
For men so trained the Bureau is offering $1^00 and $1,400 per 



annum or little more than half what its competitors both inside and 
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The increased demand has been met The charts have been kept 
in print, and have been corrected promptly for the essential parts of 
all information received at the offiv, in condition to use. That of 
itself, considering all the circumstances, is an achievement in which 
the Bureau may well take pride. But it has been accomplished, in 
part at least, at the sacrifice of certain desirable qualities in the 
charts, and it has left too little time availabL for work on the pro- 
gram of chart reconstruction. 

Another noteworthjr feature of the division's work during the 
year has been its contributions to the science of map projection, with 
particular reference to those projections whose qualit.v idapt them 
to use in maps of the whole United States or the North American 
Continent. Two base maps of the United States, on the Lambert 
conformal conic projection and the Lambert zenithal equal-area 
projection, respectively, and an Aitoff's eaual area projection of 
the sphere have recently been published, along with a number of 
treatises on these and other projections. The demand for these pro- 
jections has greatly exceeded our expectations and affords ample evi- 
dence of the service which may be rendered the public by studies of 
this character. It is worthy of note, in passing, that much of the 
work on these subjects was done outside of office hours. The graphic 
diagrams opposite this page show the issue of charts from 1896 to 
1920, inclusive, and the issue of Coast Pilots from 1901 to 1920. 

DIVISION OF TERRESTRIAL MAGNETISM. 

The reduction of the work of the Honolulu magnetic observatory 
for 1917 and 1918 was completed and the results were submitted for 
publication. At the end oi the year results for the same period for 
the Sitka and Tucson observatories were ready for publication, except 
for the preparation of tracings of the principal magnetic storms, 
and the reduction of the Porto Rico work was nearly completed. 
The reduction of the Cheltenham results was delayed until the con- 
clusion of the investigation of the difference between the records of 
the two H variometers. 

The investigation of the difference between the two H variometers 
at Cheltenham is still in progress. The Eschenhagen variometer 
was readjusted in Sej)tember, 1919, so as to have the magnet more 
nearly in the magnetic prime vertical, and the subsequent results 
are in better agreement, but there are outstanding differences still 
to be explained. 

Considerable progress was made in the reduction of the observa- 
tions for 1919. The tabulation of the hourly ordinates for Honolulu, 
for July, August, and September, was made. The observer had been 
unable to do this at the observatory because of eye trouble. 

The results of the field work executed during 1919 were computed 
and prepared for publication as Special Publication No. 64. 

The results of magnetic observations made in Alaska up to the end 
of 1918 were published as "Alaska Magnetic Tables and Magnetic 
Charts for 1920," Special Publication No. 63. This includes secular 
change tables and charts showing the lines of equal magnetic decli- 
nation, dip, and horizontal intensity. 

The earthquakes recorded at five magnetic observatories have 
been tabulated monthly, and the results have been published in the 
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Monthly Weather Review and transmitted to the International Seis- 
mological Association and others engaged in a comparative study of 
^rthquake data. 

Special observatory data were prepared for the department of ter- 
restrial magnetism of the Carnegie Institution of Washington, the 
Dominion Observatory of Canada, and the observatory at Eskdale- 
muir, Scotland. 

A table giving values of the magnetic declination and the annual 
change for numerous places in the United States was prepared for 
the 1921 World Almanac. 

An isogenic chart of the United States for 1921 was prepared 
for C. H. Birdseye, of the Geological Survey, for use in a new edition 
of appendix 1 to Tart III of his " Orientation for Coast Artillery." 

A report on magnetic variations recorded at the five observatories 
at the time of the solar eclipse of May 29, 1919, was prepared for the 
department of terrestrial magnetism of the Carnegie Institution of • 
Washington. 

Reports on the magnetic storms of August 11, 1919, and March 22, 
1920, were prepared for the Journal of Terrestrial Magnetism ; also 
an article explaining some of the methods adopted in the reduction 
of work of our magnetic observatories. 

Chapters on terrestrial magnetism and seismology were prepared 
for the new edition of Special Publication No, 23, and the chapter on 
terrestrial magnetism in " General Instructions for Field Work " 
was revised. 

An extended series of observations was made, in cooperation with 
the division of geodesy, to determine the magnetic properties of the 
new invar pendulums arid the effect of the earth's magnetism upon 
their time of oscillation. 

A test was made as to the practicability of using a planimeter for 
reading the hourly ordinates from magnetograms. 

An investigation was made of the accuracy of the time scales of 
our seismographs, which showed that in most cases a better time- 
marking clock is needed. The experience with a chronometer at 
Tucson indicates that the needed improvement can be secured in 
that way. 

Compass data were supplied for 165 charts. 

SEOREOATTNG THE RESUTiTS OF SURVEYS A BENEFIT. 

The geodetic survevs by this Bureau cover large areas of the coun- 
try. In the past it has been the practice to issue publications con- 
taining the results of these surveys with reference to the area covered 
by the particular arc of triangulation or line of precise leveling and 
without reference to any geographical portion of the country. (See 
fig. 50 opposite p. 136.) These surveys established the framework for 
large mapping and surveying projects throughout the country, as 
weU as to de^rmine State and national boundaries. Before these 
surveys had been sufficiently extended to establish triangulation sta- 
tions and elevations sufficiently numerous to be of use for local 
projects but little attempt had been made to bring them to the atten- 
tion of those interested in these local projects. Now that these sur- 
veys are sufficiently extended to make the points determined suffi- 
ciently numerous to be of use locally, there is no reason why the data 
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resulting from them, when the points are within available distance, 
should not be used for these local projects. 

With this realization came the knowledge that the publications as 
heretofore i^ued, covering, as they do, many States in the Union, 
^®re not sufficiently known to local engineers. Furthermore, it was 
realized that to send out announcements regarding these publications 
without a definite guide as to their contents would result in random 
requests for them and a wasteful distribution. Therefore an en- 
deavor was made to economically place the geodetic and other data 
in the possession of this Bureau at the disposal of local civil engi- 
neers and surveyors and to call them to the attention of all likely to 
be interested m local surveying projects. In putting this informa- 
tion into practical form, work is now in progress in making for each 
State in the Union a separate digest of the geodetic publications 
issued by this Bureau. Up to the present time digests have been 
made for Iowa, Minnesota, and Illinois. These digests contain in 
alphabetical order the counties in the State, and by a tabular arrange- 
ment are shown in alphabetical order each place in each county where 
our observations (triangulation, leveling, and magnetic) have been 
made, the publication of the Bureau containing the data, and the 
page in the publication where the data will be found. Each of these 
digests is accompanied by a small outline diagram of the State upon 
which, by symbols, are shown where triangulation, leveling, and 
maemetic observations have been made. (See fig. 9a.) 

The response in requests for information resulting from the issue 
of these digests is exceedingly gratifying and demonstrates the need 
for some such means of economically bringing to the public the in- 
formation that this Bureau has accumulated in its more than 100 
years of existence and of which the public heretofore has had too 
little acquaintance. 

PUBLICATIONS ISSUED DURING THE TEAR, 

Serial No. 104. U. S. Coast Pilot, Philippine Islands. Part 1. Luzon, Mlndoro, 
and Vlsayan. First edition, 1919. Octavo. 

Contains sailing directions for and descriptions of the coasts of these 
Islands for the use of navigators. Covers the area formerly included in 
Sections I to IV of the PhlMppine Islands Sailing Directions. 
Serial No. 108. Pacific Coast Tide Tahles for Western North America, Eastern 
Asia and Many Island Groups for the Year 1920. 

(Reprinted from General Tide Tables for the year 1920.) 
Serial No. 110. General Theory of Polyconlc Projections. By Oscar S. Adams, 
geodetic computer. Special Publication No. 57. 174 pp. 1 map, 48 figs. 
In this volume an attempt has been made to gather together all of the 
investigations that apply to the systems of polyconlc projections for maps. 
Serial No. 111. Gemlesy. General Instructions for Precise and Secondary 
Traverse. Special Publication No. 58. 49 pp. 5 figs. Octavo. 

Designed for highest class of traverse, equal in accuracy to primary 

triangulation, and for secondary traverse comparable in accuracy with 

secondary triangulation. 

Serial No. 112. Grid System for Progressive Maps in the United States. By 

William Bowie, chief, division of geodesy; major of engineers, U. S. Army, 

1918-1919; and Oscar S. Adams, geodetic computer. Special Publication 

No. 59. 227 pp. 6 fig. Octavo. 

Contains a description of the grid system devised for use in surveys and 
maps of the United States, and the method of using the same, with a table 
of grid coordinates for five-minute intersections covering an area 9* wide 
in longitude and 21** 20' In length In latitude. These tables can be used 
for the whole area of the United States proper by changing the designation 
of the longitude to fit the particular zone needed. 
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Serial No. 113. A Study of Map Projections In General. By Oscar S. Adams, 
geodetic computer. Special Publication No. 60. 24 pp. 15 figs. Octavo. 
In this publication an attempt lias been made to treat in a simple way 
some of tbe fundamental ideas that underlie the subject of map projec- 
tions in general. 
Serial No. 115. General Tide Tables for the Year 1920. 497 pp. 7 figs. Octavo. 
Price. 50 cents. 

Gives tidal data for the principal seaports of the United States and for 

many foreign ports, and tables by means of which tides may be calculated 

for other localities. Also current tables and diagrams for many localities 

and tables of sunrise and sunset and moonrlse and moonset. 

Serial No. 116. Supplement to U. S. Coast Pilot, Atlantic Coast. Section D, 

July 18, 1920. 27 pp. Octavo. 

Gives the more important corrections and additions affecting the text 
of the Coast Pilot volume since its publication. 
Serial No. 117. Supplement to U. S. Coast and Geodetic Survey Catalogue of 
Caiarts, Coast Pilots, and Tide Tables, 1918. 6 pp. Quarto. August 15, 1919. 
Gives corrections to" the list of published charts, coast pilots, and tide 
tables. 
Serial No. 118. Catalogue of Charts, Coast Pilots, and Tide Tables. January 2, 
1920. 218 pp. 85 figs. Quarto. 

Corrected to date of issue. Lists 059 charts, besides miscellaneous maps ; 
also topographic maps compiled by the Philippine Government. 
Serial No. 119. Catalogue of Charts, Sailing Directions, and Tide Tables of the 
Philippine Islands", 1920. 

(Reprinted from the General Catalogue of Charts, Coast Pilots, and 
Tide Tables.) 
Serial No, 120. Physical Laws Underlying the Scale of Sounding Tubes. By 
Walter D. Lambert, geodetic computer. Special Publication No. 61. 45 pp. 2 
figs. Octavo. 

Contains development of general formulas for sounding tubes, and numeri- 
cal data and tables for the new sounding tube of the Coast and Geodetic 
Survey. 

Contains also a compilation of physical data likely to prove convenient 
in a further study of the subject. 
Serial No. 121. Special Publication No. 62. Triangulatlon in Rhode Island. By 
Earl F. Church. 

97 pp. 1 pi. 8 text fig. Octavo. 
Serial No. 122. Inside Route Pilot, Key West to New Orleans. 1919. Second 
edition. 82 pp. 6 maps in pocket. Octavo. Price, 10 cents. 

Describes the inside routes along the Gulf of Mexico between Key West 
and New Orleans. The maps show routes practicable for small vessels. 
Serial No. 123. Atlantic Coast Tide Tables for Eastern North America for 1920. 

(Reprinted from the General Tide Tables for the year 1920.) 
Serial No. 124. Pacific Coast Tide Tables for the year 1921. 

(Reprinted from General Tide Tables for the year 1921.) 
Serial No. 125. Terrestrial Magnetism. Alaska Magnetic Tables and Magnetic 
Charts for 1920. By Daniel L. Hazard, assistant chief, division of terrestrial 
magnetism. Si)eclal Publication No. 63. 31 pp. 3 maps In pocket. Octavo. 
0)ntalns observed and reduced results of the most recent magnetic obser- 
vations In Alaska and adjacent regions. The maps show, respectively, lines 
of equal magnetic declination, inclination, and horizontal intensity. 
Serial No. 127. Inside Route Pilot, New York to Key West. Fourth edition. 

1920. 93 pp. 8 charts in pocket Octavo. Price, 20 cents. 
Serial No. 128. Terrestrial Magnetism. Results of Magnetic Observations Made 
by the United States Coast and Geodetic Survey in 1919. By Daniel L. 
Hazard, assistant chief, division of terrestrial magnetism. Special Publica- 
tion No. 64. 27 pp. Octavo. 

Gives results of magnetic observations at the magnetic observatories and 
in the field in 1919. 
Serial No. 129. Leveling. Terrestrial Magnetism. Digest of Geodetic Publlca- 
' tions Issued by the United States Coast and Geodetic Survey Resulting from 
Surveys in the State of Iowa. 6 pp. 1 fig. Octavo. 

Summary of results of geodetic surveys in Iowa available for engineers. 
Serial No. 130. Geodesy. Instructions to Light Keepers on Primary Trlangula- 
tion. Special Publication No. 65. 51 pp. Duodecimo. 

Gives detailed instructions In regard to signaling, care of electric signal 
lamps and batteries, accounts, etc. 
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Serial No. 131. Digest of Geodetic Publications Issued by the United States 
Coast and Geodetic Survey Resulting from Surveys in the State of Minnesota. 
Tiiangulation, leveling, variations of compass. 1920. 12 pp. 1 map. 

Summary of results of geodetic surveys in Minnesota available for 
engineers. 
Annual Report of the Superintendent of the United States Coast and CJeodetlc 
Survey for the Fiscal Year Ended June 30, 1919. 150 pp. 6 pL 40 maps. 
Octavo. Cloth. 

Contains report of the work done during fiscal year ending June 30, 1919; 
of conditions In the service occasioned by the war and the rise In living 
costs; of need for reestabllshroent of normal conditions in the service; need 
of new building; illustrated by diagrams and mapa 
Two New Base Maps of the United States. Description by Charles H. Deetz. 
44 pp. Octavo. 

A brief description of two base maps recently constructed by this Bureau, 
one on Lambert's zenithal equal area projection and the other on Lambert's 
conforma! conic projection with two standard parallels. 
Coast Pilot Notes on the Hawaiian Islands. Second' edition. 60 pp. Octavo. 

August 15, 1919. Price, 20 cents. 
Supplement to United States Coast Pilot. Section D. January 2, 1920. 25 
pp. Octavo. 

This supplement gives the more Important corrections and additions 
aiTt*cting the text of the Coast Pilot volume since its publication. The sup- 
plement is printed on one side only, so that it may be cut up and the slips 
Inserted on the pages affected. 
Notices to Mariners. Issued weekly, jointly with the United States Bureau of 

Lighthouses. Nos. 1-52. 
Philippine Islands Notices to Mariners. Nos. 2, 3, 4 on919 and No. 1 of 1920. 
Coast and Geodetic Survey Bulletin. Issued monthly. July. 1919, to June, 
1920, inclusive. 

NEW CHARTS AND NEW EDITIONS OF CHARTS. 

New charts: 

387a. Western approach to Pensacola Bay,.Fla. and Ala. 

220. Stratford to Sherwooil Point 

221. Sherwood Point to Stamford Harbor, Conn. 

224. Oyster and Huntington Bays, south shore of Long Island Sound. 
245. Harbors of Plymouth, Kings^ton, and Duxbury. 
801. Calais to West Quoddy Head. 
1209. Nantucket Sound ami approaches. 
126G. Mobile Bay and entrance, Ala. 

1267. Mississippi Sound and approaches, Dauphin Island to Cat Island. 
1208. I^ke Borgiie and approaches. 
4311. Northern part of Busuanga. 
4319. Green Island Bay, Palawan and vicinity, P. I. 
4355. Harbors on Duma ran Island, P. I. 
8102. Hecate Strait to Etolln Island. 
8152. Dixon entmnce to Chatham Strait. 
New editions of charts : 

101. Calais to Little River, Including Gobscook Bay, Me. 
154. Isle of Palms to Hunting Island. 

156. Savannah to Sapelo Island. 

157. Sapelo Island to Amelia Island. 

158. St. Jtlarys entrance and southward to latitude 30"* N. 

159. St. Augustine Inlet to Halifax River, Fla. 

166. Key Biscayne to Carysfort Reef. 

167. Elbow Key to Matecumbe Key. 

169. Newfound Harbor Key to Boca Grande Key. 

204. Galveston Bay. 

243. Ipswich Bay to Gloucester Harbor. 

245. Harbors of Plymouth, Kingston, and Duxbury. 

248. Boston Inner Harbor. 

276. Harbors of Refuge at Point Judith and Block Island. 

278. Providence River and Head of Narragansett Bay. 

274. Harlem River. 
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New editions of charts — Continued. 

284. Hudson River — Corsackie to Troy. 
293. New Ix>ndon Harbor and Naval Station. 
317. Winter Harbor, ScJioodic Peninsula. 
325. Portland Harbor, Me. 

329. Portsmouth Harbor. 

330. Isles of Shoals. 

352. Providence Harbor, R. I. 

353. Narragansett Bay, R. I. 
366. Hempstead Harbor. 

369. New York Harbor, N. Y. and N. J. 
381. Philadelphia water front, Schuylkill River. 
400. Hampton Roads. 
413. Pensacola Bay entrance. 
428. Winyah Bay. 
431. Charleston Harbor. 
434. North Edisto River. 

440. Tybee Roads, Savannah River, and Wassaw Sound (2 new editions). 
445. Cliarleston and vicinity. 
450. Satilla River, Bailey Cut to Burnt Fort, Ga. 
494. York River, entrance to York town. 
525. Brazos River entrance. 

541. New York Harbor, Upper Bay and Narrows, N. Y. and N. J. 
560. Potomac River, Mattawoman Creek to Georgetown. 
584. Key West Harbor and approaches. 
908. San Juan Harbor. 
950. Colon Harbor, Canal Zone. 
1111. Charleston Light to Cape Canaveral. 

1205. Cape Elizabeth to Portsmouth. 

1206. Portsmouth to Cape Ann. 
1508. Cape Cod Bay. 

1211. Block Island Sound. 

1214. Shinnecock Light to Fire Island Light. 

1222. Chesapeake Bay entrance. 

1229. Currituck Beach to New Inlet 

1232. Cape Hatteras, Wimble Shoals to Ocracoke Inlet. 

1269. Lakes Pontchar train and Maurepaa 

-4109. Honolulu Harbor. 

4219. Passages between Luzon and Masbate, and Sorsogon Bay. 

4^16. Harbors of Palawan Island, P. I. 

4347. Harbors of Balabac Island, P. I. 

4416. Hollo and Gulmaras Straits. 

4454. Harbors of Burias and Ticao Islands and Ragay Gulf, P. I. 

4714. Southwestern Luzon and Mindoro. 

4716. Palawan Island. 

4720. Balabac Strait and approaches. 

5532. San Francisco entrance. 

5602. Point Arena to Trinidad Head. 

5971. Ooqullle River entrance. 

5984. Coos Bay. 

6008. Umpqua River entrance. 

6023. Siuslaw River. 

6112. Tillamook Bay, Oreg. 

6122. Nehalem River. 

6153. Columbia River from Grims Island to St. Helens. 

6154. Columbia River, St. Helens to Willamette River, Including Vancouver 

and Portland. (2 new editions.) 
6380. Washington Sound. 
6400. Seacoast and interior waters of Washington, from Grays Harbor to 

Semiamoo Bay. 
6443. Port Orchard, northern part, Puget Sound. 
6448. Everett Harbor and approaches. 
6451. Commencement Bay and city of Tacoma, Wash. 
7002. Cape Flattery to Dixon entrance. 
8068. Custom House Cove and Mary Island anchorage. 

12783—20 3 
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New editions of charts — Continued. 

8077. Harbors in Prince of Wales Island. 

8170. Wrangell Harbor. 

8300. Lynn Canal and Stephens Passage. 

8302. Lynn Canal, entrance to Point Sherman. 

8304. Icy Strait and Cross Sound, Port Frederick to Cape Spencer. 

8520. Prince William Sound, eastern entrance. 

8550. Prince William Sound. 

8588. Port Chatham, Alaska. 

Of the publications mentioned above issued during the fiscal year 
there are some that are important enough to justii^ special mention. 

One of these is an outline base map of the United States on the 
Lambert zenithal equal-area projection, scale 1 : 7.600,000, dimensions 
19J by 25J inches. .This map ( overs the whole or the United States, 
including the northern part of Mexico. Only State names and bound- 
aries, prmcipal rivers, capitals, and largest cities are shown, the chief 
object being to furnish a base map for political, census, or statistical 
purposes on a projection in which the property of equivalence of 
area is one of the essential features. It is the first publication of a 
projection of this type by the Bureau. 

The two errors, to one or both of which all map projections are 
liable, are changes of area and distortion, as applying to portions of 
the earth's surface. The former error is perhaps best illustrated by 
the Mercator projection, in which a unit of area at the Equator is 
represented by one approximating infinity as we approach the pole, 
the projection being thus responsible for manv false impressions of 
the relative size of countries differing in latitude. Likewise, the poly- 
conic projection, when used for the whole of the United States has 
the serious defect of exaggerating the areas of its eastern and western 
limits. Errors of distortion imply deviation from right shape in the 
graticules or network of meridians and parallels of the map, involv- 
ing deformation of angles, curvature of meridians, changes of scale, 
and errors of distance, bearings, or area. 

In the Mercator projection, as well as in the Lambert conformal 
conic projection, the changes in scale and area can not truly be con- 
sidered as distortion or as errors. A mere alteration of size in the 
same ratio in all directions is not considered distortion or error. 
These projections being conformal, both scale and area are correct 
in any restricted locality when referred to the scale of that locality, 
but as the scale varies in latitude from point to point large areas 
are not correctly represented. 

Inasmuch as the favorable showing required to meet any particular 
mapping problem necessitates the sacrifice of other less desirable 
properties, the choice of a projection should be made the subject of 
special study, and, as a rule, that system of projection should be 
adopted which will give the best results for the area under considera- 
tion. The use of a projection to which it is not suited is, therefore, 
generally unnecessary and should be avoided. On the one hand, 
a projection may be constructed in which there is no change of area, 
as in the projection under consideration, but with distortion for 
localities that are distant from the center ; on the other hand, a pro- 
jection may have little distortion but great change of area in dis- 
tant parts. Between these lie the properties usually adopted by geog- 
raphers with the tacit purpose of greatly reducing the error of one 



Digitized by 



Google 



REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 35 

kind by the admission of a small error of the other kind, so that the 
result of their combination shall be most advantageous to the gen- 
eral use of the map. 

In the Lambert zenithal projection the zenith of the central point 
of the surface to be represented appears as pole in the center of the 
map ; the azimuth of any point within the surface, as seen from the 
central point, is the same as that for the corresponding points of the 
map ; and from the same central point, in all directions, equal great- 
circle distances to points on the earth are represented by equal linear 
distances on the map. The amount of scale error as we depart from, 
the center of the map radially increases (scale becoming smaller)^ 
while in a direction at right angles thereto the scale is by the same 
amount too great. For a distance from the assumed center of the 
map equal to 22° of arc of a great circle, an extent embracing the 
whole of the United States, the maximum scale error is but if per 
cent. The amount of this error is less than one-third of the scale 
error in a polyconic projection of the same area, while the direction 
errors (errors of angles and azimuths) are likewise considerably less 
than in the latter projection. 

Whereas the Lambert conformal and the polyconic projections are 
suited to areas of large extent, the former for predominating east 
and west dimensions and the latter for predominating north and 
south dimensions, the zenithal projection is specially suited to large 
areas of circular outline, the reason for its selection in the present 
base map being governed by the inclusion of a large extent of Mexico 
within its limits. 

The more essential or desirable feature of the projection undeV con- 
sideration, however, and the one that will meet numerous modern 
demands, is the property of equivalence of area. An equal area or 
equivalent projection is one in which areas on the projection are 
proportional to the corresponding areas on the sphere ; that is, any 
portion of the map bears the same ratio to the region represented by 
it that any other portion does to its corresponding region. 

The useful property equivalence of area as a controlling element 
to be ascertained directly from the map gives the Lambert zenithal 
projection a place in cartography accordingly as the shapes of 
extensive areas have approximately equal magnitudes in all direc- 
tions. 

Another base map of the United States was developed during the 
year on the Lambert conformal projection on a scale of 1 : 5,000,000. 
The dimensions of this map are 25 by 39 inches. 

This map is similar to the one on tne zenithal equal-area projection 
in general treatment. It is larger in scale, however, but embraces a 
lesser extent of latitude, being limited to the area of the United 
States, whereas the zenithal egual-area map includes the greater 
portion of Mexico. The map is of special interest from the fact 
that it is based on the same system of projection as that which was 
employed by the allied forces in the military operations in France. 
This projection is also used in a map covering the North Atlantic 
Ocean, including the greater part of North America and Europe. 

The term "conformal" has been defined as follows: If at any 
point the scale along the meridian and the parallel is the same (not 
correct, but the 'same in the two directions) and the parallels and 
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meridians of the map are at right angles to one another, then the 
shape of any very small area on the map is the same as the shape 
of the corresponding small area upon the earth. The projection is 
then called orthomorphic (right shape). 

Ihe value of this new outlme map can best be realized when it is 
stated that throughout the larger and most important part of the 
United States— that is. between latitudes 30i° and 47^° — the maxi- 
mum scale error is only one-half of 1 per cent. Only in southern- 
most Florida does this projection attain its maximum scale error of 
2J per cent. This implies, however, an error in the areas at these 
extreme parts of 5 per cent. Although this error in area may be 
accounted for by methods already described, the zenithal projection, 
on the other hand, is free from this inconvenience. 

The choice, then, between the JLambert zenithal and the Lambert 
conformal for a base map of the United States, disregarding scale 
and direction errors which are conveniently small in both projections, 
rests largely upon the choice of equal areas as represented by the 
zenithal and conformality as represented by the conformal conic 
projection, the former properly appealing directly to the practical 
use of the map, the latter property being one of mathematical re- 
finement and symmetry with definite scale factors available, the 
projection having two parallels of latitude of true scale, the advan- 
tages of straight meridians as an element of prime importance, and 
the possibilities of indefinite east-and-west extension without in- 
crease of scale error. For the purposes and general requirements 
of a base map of the United States, either of these recent publica- 
tions df the United States Coast and Geodetic Survey offers advan- 
tages to other systems of map projection heretofore in use. 

Comparison of errors of scale and errors of area in a map of the 
United States on three different projections follows : 

Maximum scale error : Per cent 

Polyconic projection 7 

Lambert conformal conic projection with standard parallels of lati- 
tude at 33° and 45° 2i 

(Between latitudes 30i° and 47i° only one-half of 1 per cent.) 

Lambert zenithal equal-area projection H 

Maximum error of area : 

Polyconic 7 

Lambert conformal conic ._ 5 

Lambert zenithal 
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Part II.— FIELD WORK AND NEEDS OF THE FIELD 

SERVICE. 

CHAPTER I. 

ALASKA NEEDS IMMEDIATE, DEFINITE, AND ADEQUATE RELIEF. 

Alaska has had much written about her, our great frontier coun- 
try with its 26,000 miles of coast line; but there has never been a 
well-defined and concentrated effort on a big business scale to develop 
the Territory as it should be done. For 53 years we have gone 
along giving this vast and rich empire a " dab of paint " here and 
there, but no definite policy has ever been suggested that has been 
fully and comprehensively carried out. The result has been much 
complication and continued neglect. 

The Coast and Geodetic Survey is a very interested and vital 
agency in the safe development of Alaska. It can be said with no 
fear of being contradicted that on this arm of the Federal Govern- 
ment rests, and properly should rest, the responsibility of erecting 
the steel structures, so to speak, in building up this great Territory. 

It is peculiarly appropriate in the proper development of any 
frontier territory to look to the safeguarding of its people, and the 
safety in erecting the foundation paves the way for future success. 

Alaska, with its miles of detailed coast line, can not be approached 
without plying the waters that nearly surround it. On the east are 
gigantic mountain ranges that may never be surmounted by railroads. 
ITierefore, the onW means lo get to Alaska's seaport towns is by 
means of ships. It thus follows that the protection of these vast 
water areas by the most careful surv^eys in locating hidden dangers is 
the essential step in the Territory's proper development. Alaska's 
waterways are her gateways and her highways of commerce, and cer- 
tainly the first protection" should be given these before the coast or 
interior can have its proper development. (See fig. 10.) It will be 
interesting to know, however, that in 53 years they nave had to spend 
in Alaska on this work only $4,067,578, or an average annual ex- 
penditure of $78,223. Appropriations in 11 years for the construc- 
tion and maintenance of military and post roads, bridges, etc., for the 
interior of Alaska, have been $2,120,000, or an average annual appro- 
priation of $192,778. Congress has appropriated for a Federal Gov- 
ernment railroad from Seward to Fairbanks $48,000,000. These 
figures are not given in a spirit of criticism, but, on the other hand, 
simply to show what a small proportion the Survey has had, which 
has resulted in great retardation of work that should invariably pre- 
cede development of a new country. In comparison with the amounts 
given for tnese other two objects it is a mere pittance. 

The Survey has had a difficult problem to contend with in this 
half century's work in Alaska. It has been sorely handicapped with 
vessels that were in almost every instance not adapted to the work 
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in Alaska anH unable many times to cope with the unusual weather 
conditions of that region. Many times tne officers and crews of these 
craft have had to cease operations and seek harbors of refuge from 
storms, which often put not only their lives but the vessels as well 
in actual jeopardy. 

The exports from Alaska for the last 53 years have amounted to 
about $943,000,000, reaching a high-water mark the past year of 
about $94,709,359, and this does not include, of course, the great 
amount of fish, lumber, and other products of the Territory that have 
been consiuned by its population. 

The imports to Alaska for the past 53 years have amounted to 
$547,400,000, reaching the high-water mark in 1918, $146,020,124. 
These figures are to show briefly the enormous amount of shipping 
necessary to handle this large amount of trade. 

For the first 30 years after the purchase of Alaska by the United 
States a few small vessels only were required for the commerce 
between Alaska ports and the ports on the Pacific coast of conti- 
nental United States. In 1919 there were over 4,000 vessels, with a 
tonnage of over 2,000,000, entering and clearing Alaska ; but instead 
of having vessels of 10 or 12 feet draft, as were the earlier ones, we 
now have them up to 28 feet. In other words, when the work of the 
Coast and Geodetic Survey is at its lowest ebb there, Alaska's pros- 
perity is greater than ever before. 

Few people realize or even think of the Territory's enormous area. 
From Dixon Entrance, on the international boundary line, to the 
farthest Attn Island it is nearly 3,000 miles. Along this stretch of 
coast there are about 465 islands in Alaska containing 1 or more 
square miles and innumerable smaller ones. The longest island is 
Prince of Wales, 131 miles long and 39 miles wide, while Kodiak 
Island has the largest area, 101 miles long and 63 miles wide — equal 
to the combined areas of Connecticut and Khode Island. 

The total area of Alaska is 586,400 square miles, or nearly twice 
the size of the original 13 States of the Union. To this we can add 
seven other States east of the Mississippi River, and still we do not 
have the amount of area in Alaska. Norway, Sweden, Finland, 
England, Scotland, and Ireland do not contain as much territory as 
Alaska, (xermany, France, and Spain have only a trifle more area 
than this Territory. 

MANY UNDEVELOPED IIARBORS OF ALASKA. 

Unlike the waters adjacent to the States bordering on the Pacific 
coast, Alaska has many fine harbors ; and, except a stretch beginning 
at Cross Sound, in southern Alaska, and extending to Controller Bay, 
Prince William Sound south, central Alaska, a distance of 275 
miles, where there is only one harbor of refuge for vessels (Yakutat 
Bay), over the many miles of Alaska's coasts nature has provided 
bountifully for ships and shipping in splendid harbors. 

In this respect the south coast of Alaska resembles Norway and 
Sweden, her harbors being so numerous as to meet every demand 
for the future development of the entire Territory. In Bering Sea, 
northward and eastward of Unimak Pass, the harbors are not so 
plentiful and are characterized by shoals in the approaches. This 
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makes it specially necessary that accurate surveys be made in order 
to permit safe navigation. There is little accurate knowledge avail- 
able in connection with the manjr bays, adjacent to the mainland, and 
more especially about the many islands of Alaska. 

Not until these are properly safeguarded can it be hoped that 
they will be properly or permanently developed. 

With the great demand for paper and substitutes for wooden boxes 
the country is looking to Alaska for the supply of raw materials. 
Never in the history of Alaska has there been such a centering of in- 
terest on these important products that have been so scarce and in such 
demand in the past two or three years. One of the first conditions 
looked for by those who are interested in building paper mills or 
factories are good harbors and cheap power. Alaska abounds in 
both. Hundreds of harbors adequate for the carrying of large 
vessels and conducting manufactunng plants are in southern Alaska, 
and in close proximity to many of them is wonderful water power 
that is only waiting to be put to proper use. The anticipated de- 
velopment along these lines is about to be realized, but the principal 
forerunner for encouraging this development is to safeguard the 
waterways by completed surveys. In very few instances is this done. 
Now the demand by the public for surveys of many of these harbors 
is being made, and to prevent further delay it would require vessels, 
more men, and sufficient money to bring about the imperative initial 
step to this very important commercial development. 

HOW LITTLE THE PRESENT CHARTS MEAN TO MARINERS. 

An important difference between Alaska waters and those of the 
continental United States is that scarcely enough work has been 
done to let us know just how much must be done to complete the 
charts. It is estimated that 90 per cent of the water areas of Alaska 
are unsurveyed or insufficiently surveyed. (See fig. 11.) The de- 
velopment of the country lias outstripped the progress of surveys, 
not only because of the few vessels ana parties engaged in the work, 
but because of the great length of coast over which the various 
activities are scattered and the intricate system of channels for so 
much of its extent. 

In order to appreciate the need of rapidly extending surveys of 
these waters it should be clearly understood that Alaska's only con- 
nection with the rest of the world is by the water routes. 

The Government railroad now being built and the other existing 
lines are not trunk lines in so far as connection with the continental 
United States and Canada are concerned. The only trunk line is the 
waterway from various ports in Alaska to Puget Sound and other 
west-coast ports. The Alaska railroads and local steamboat lines 
are feeders only. The industries, which include chiefly mining of 
gold and copper on an inmiense scale, and of various other minerals 
to a less extent, fisheries, especially salmon canning, but also supply- 
ing halibut and other fish to the market, agricultural grazing, and 
lumbering, the last two of minor importance but developing, are scat- 
tered everywhere, and connection with the principal ports is by boat 
alone. The principal towns are on good harbors suitably located with 
reference to the steamer routes and the more important niines and 
canneries, and any town that loses any of these advantages soon de- 
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clines in importance. In practically all cases the canneries and mines 
along the shores are generally visited directly by steamers. 

The amount of these natural resources, ripe for exploitation, has 
been so great and the prize they offered so tempting that transporta- 
tion comd not wait for the Government to make the way to them 
secure. It has gone ahead, finding its own path to each new field, 
suffering great losses in so doing, but content to suffer them because 
the returns were so immensely greater. 

WHAT THE TOLL HAS BEEN IN WRECKS. 

It is impossible to give an accurate list of hundreds of vessels that 
have stranded, foundered, and been total wrecks in the 'waters of 
Alaska during the past 53 years. The records which have been some- 
what neglected, especially m the earlier history of this comparatively 
new possession of the United States, are anything but complete, but 
they are sufficiently known to convey to the minds of those who are 
interested a most harrowing condition that has existed during more 
than half a century. While it should not be understood that all of 
these disasters have been caused by lack of proper sailing charts and 
lack of knowledge of currents, it can be said that the greater portion 
of the wrecks have been directly due to the lack of accurate nautical 
information, which can be furnished by proper surveys. 

Accidents to vessels in Alaskan waters have caused the loss of hun- 
dreds of lives and property to a value not far from twenty-five 
millions and which would represent to-day with the high cost of ship- 
building at least 50 per cent more. It will appeal to many as a 
matter of very poor economy that there is so little protection ^ven to 
human life and vessel property employed in building up this truly 
great and remarkable empire of the United States. 

From 1867 to 1919 there have been approximately 468 vessels 
wrecked in Alaskan waters with a loss of about 985 lives. Among 
these vessels were large sailing craft, as well as freight and passenger 
vessels ; also some Government vessels. When we stop to think for a 
moment of this enormous loss, and consider alone that the National 
Government has suffered the loss of three splendid vessels worth more 
than a million and a half dollars or over one- third the total amount 
appropriated for surveys of Alaska in 53 years the serious side of the 
question is emphasized, especially when we think how much could 
have been done with this money if it had been applied in surveying 
the waters of Alaska. 

WHY UNSURVEYED WATERS RETARD ALASKA'S DEVELOPMENT. 

The history of the industrial development of Alaska shows that, 
almost without exception, the establishment of industries and com- 
merce has preceded, rather than followed, the surveys of the locality 
and that their establishment and development have been greatly re- 
tarded and oftentimes entirely suspended by the lack of such surveys. 
The following cases are given to illustrate these conditions : 

Deposits of excellent marble were discovered in Davidson Inlet, 
and a company was organized to quarry the rock and ship it to 
Seattle. However, as the approaches to the quarry were incompletely 
surveyed, the steamship companies refused to send their vessels there, 
and, thus denied transportation, the marble company was helpless. 
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Finally, one of the steamship companies sent one of its pilots to 
the locality to report on the feasibility of sending in vessels in ad- 
i^mce of complete surveys. The examination made by this pilot 
revealed so many uncharted dangers in the approaches that the 
company demanded a prohibitive price for permitting its vessels 
to enter. 

The Coast and Geodetic Survey was appealed to, and a Survey 
steamer made a detailed survey of the harbor and its approaches. 
The result of this survey, while confirming the dangers previously 
reported by the pilot, developed a practical channel through them, 
with the result that large quantities of marble are now being shipped 
annually to Seattle. 

An outcropping vein of gold-bearing quartz was discovered in 
Khaz Bay, on the west coast of Chichagof Island. Development 
work, begim immediately^ showed the claim to be a rich one; por- 
tions of the uncovered vein showed nuggets and wires of free gold, 
and assays made of certain choice samples showed the gold contents 
running as high as $2,200 per ton of ore. 

Yet, rich as was the vein, the owners were helpless to profit from 
it. The mine was at the head of a small bay which, with the waters 
leading to it, was unsurveyed, but known to be foul and dangerous ; 
vessels passing along the coast could see large areas of reeis with 
jagged rocks showing above the surface. Therefore, the steamship 
companies refused to send in their vessels, to bring in mining ma- 
chinery, or to carry out ore, except at a prohibitive cost. And there 
are many other instances of similar nature where lack of accurate 
surveys has prevented development. 

COMPLETE SURVEYS NEEDED. 

Because of the rapidly increasing commercial importance of 
Alaska, it is imperative that the present conditions as regards survey 
work be remedied by means of complete surveys carried on in a sys- 
tematic manner and extended with all possible rapidity. 

In order to appreciate the immediate need for this work, it must 
be clearly understood that Alaska's only connection with the rest 
of the world is by water routes. The millions of dollars that are 
being expended to build the Government-owned railroad to the in- 
terior of Alaska ; the large amount of private capital that has been, 
and will be, spent to develop her mines, to build up her fishing in- 
dustry ; the certain early opening of the vast coal fields ; the utilizing 
of the great timber resources for paper and lumber; all this would be 
wasted and her vast resources would be worthless if vessels could not 
reach and enter her ports or visit the railroad terminals, canneries, 
and nearest ports as outlets to the many mines, grazing areas, etc. 

And it is a fact, at the present time, there are few passages that 
can be navigated and few harbors that can be entered by a vessel 
with the assurance that the near-by shore line and landmarks and 
the contour of the bottom over which she is traveling are accurately 
shown on the charts, or that the hidden dangers that may lie in her 
path have all been discovered and charted. 

That, in the past, instead of blazing the trail for water-borne com- 
merce^ the Coast and Geodetic Survey, because of lack of funds and 
essential equipment, has been forced to lag far behind is as deplor- 
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able as it has been unavoidable. The time has now come, however, 
when we must face the issue squarely and realize that the interests oi 
passengers, commerce, shipowners, navigators, and those who have 
invested their capital in Alaska's industries must be safe-guarded by 
adequate surveys prosecuted vigorously and on a much larger scale 
than heretofore. Even then it will take time before the surveys can 
reach a point where they can meet the present needs of commerce; 
and it must not be overlooked that the time is not far off when our 
naval vessels will frequent Alaska's waters in numbers. 

Scarcely enough work has been done up to the present time to give 
an accurate idea of the amount of survey work that will be required. 
The following, however, may be taken as a general statement of con- 
ditions along this line. 

In southeastern Alaska the first and most obvious need is to com- 
plete the surveys and especially wire-drag work. Only the principal 
channels of these waters have been fairly well soxmded, so that de- 
tailed surveys and wire dragging necessary to complete the survey. 
The importance of wire-drag work in this locality and in other parts 
of Alaska will be discussed under a separate heaaing. 

In many regions only scattered surveys have be^ made. Com- 
plete hydrographic and topographic surveys must oe made of all 
Eassages, bays, and harbors. In practically every case this work must 
B supplemented by wire-drag surveys, and many localities in which 
the ordinary hydrographic surveys have already been completed 
must be dragged. 

On the outer coasts soundings must be extended for a sufficient dis- 
tance offshore to enable the navigator to determine the distance of 
his vessel from land in thick weather by use of the lead and to fully 
develop the ffreat fishing banks, which are among the most extensive 
in the world. On the outer coasts wire-drag surveys will be re- 
quired only at critical points and in the approaches and entrances 
to the numerous bays and passages. 

MODERN VESSELS AND LAUNCHES NEEDED. 

In the preceding pages it has been the desire to give a clear idea 
of the present conditions in Alaska, as far as they relate to its coast 
surveys. It is the present purpose to consider the means at hand 
and those that are needed to bring these surveys to such completeness 
that the loss of vessels can not bi ascribed to lack of reliable charts 
and sailing directions. 

In the past the Bureau has been inadequately equipped for this 
work, but conditions are not much better now when the commerce of 
Alaska exceeds anything in its history and is increasing by leaps 
and bounds. Since the Government is spending vast sums to pro- 
vide a merchant marine, it is " good business " to take normal pre- 
cautions that these vessels may safely navigate the waters of our 
great frontier country. 

Personal observation of these conditions was made in a number 
of instances this year. Companies were anxious to get machinery 
across unsurveyed waters, and shipping of products out of Alaska 
was retarded, and in some cases nothing was accomplished, as the 
steamship companies absolutely refused to risk going into waters 
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not properly charted and will continue to do so until the waters are 
made safe for navigation. 

Take the town or Ketchikan. Where a general survey in the im- 
mediate vicinity of the original docks was sufficient a few years 
agOj now a mile north of the town a closer survey on a larger scale 
is very much needed. Ten times as many docks have been built, and 
steamers will not stop to pick up exports or bring in supplies with 
information inadequate to protect their vessels. 

The natural resources of Alaska have so tempted commerce that 
vessels have ventured into those regions far in advance of adequate 
surveys. The means of the Coast and Geodetic Survey for charting 
Alaskan waters have been and are so limited that the best that could 
then be done and can now be done is to shift from place to place 
and make examinations where industrv has preceded surveys and 
dangers have been found by vessels striking them or where industry 
has established itself and demands a local survey. 

The equipment for these surveys is so limitea that no definite plan 
can be laid for their ultimate completion or for the issuing of charts 
that will be guides to all parts of Alaskan waters. 

The making of surveys and supplying of reliable charts for the 
urgent needs of Alaska is a question of the number of modem sur- 
veying vessels and wire-drag launches available for the work. Poor 
equipment is xmeconomical from every angle. 

IMPORTANCE OF WIRE DRAG. 

Ordinary hydrographic surveys are made with a launch or other 
vessel, which proceeds back and forth across the area to be surveyed 
until the entire area is covered by a system of sounding lines, usually 
parallel. The distance between the sounding lines depends on the 
depth and nature of the bottom and the importance of the locality. 
As the boat follows these lines the depth of water is obtained by 
means of a lead and line, cast at regular intervals from the boat. 
Such surveys must be made in all regions in order that the contour 
of the bottom beneath the surface of the water may be known ; and 
along the sandy portions of our coasts surveys by this method may 
be sufficient. 

This is decidedly not the case, however, in regions where there are 
obstructions of small area, such as pinnacle rocks, bowlders, and sharp, 
rocky ledges, for it is only by chance that they can be found by an 
ordinarj'^ hydrographic survey. It is difficult to explain just how 
elusive these dangers are when sought with the hand lead. Let us 
consider, as an analogy, a balloon drifting slowly over a town. 
Imagine the difficulty of throwing a weight attached to a line and 
hitting the tip of a church spire or the gable of a house as the balloon 
passes over them, and remember that the hydrographer not only can 
not see the obstruction beneath the surface, but does not even Know 
that it exists. 

It has, therefore, been necessary to supplement ordinary hydro- 
graphic surveys by some means of finding all of these dangers in 
regions where they exist, and for this purpose the Coast and Geodetic 
Survey uses an apparatus known as the wire drag. Starting on the 
Atlantic coast in 1904 the Survev has gradually developed and per- 
fected equipment and methods of operation until at the present time 
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the modern wire drag is a wonderfully efficient mechanism capable 
of covering large areas rapidly and finding therein every danger to 
navigation that exists. 

Stated briefly, the wire drag consists of a horizontal wire main- 
tained at any desired distance oelow the surface of the water by an 
arrangement of weights and adjustable upright cables extending up 
to surface buoys. This apparatus is towed by two launches, one at 
each end. As the drag passes through the water it will catch and 
show the location of any obstruction extending above the plane of 
the horizontal wire. Knowing the location of the obstruction, the 
least depth on it can be easily found by sounding with lead and line 
from a small boat. 

That pinnacle rocks, the most dangerous of all obstructions to navi- 
gation, are present in Alaskan waters can be easily predicted from a 
study of the adjoining land areas ; and in a few cases such rocks, their 
existence indicated by kelp extending up to the surface of the water, 
were discovered by hydrographic parties. With the increase in the 
commercial importance of Alaska and the number of ship plying her 
waters came an increase in the number of accidents to vessels, with 
loss of life and property ; and the fact that many of these accidents 
were due to striking uncharted rocks caused a realization of the 
fact that not only do pinnacle rocks exist in large numbers, but that 
they occur in the most unexpected localities. It was, of course, evi- 
dent that all these dangers must be found in order to safeguard ves- 
sels navigating the waters of Alaska, and wire-drag work was ac- 
cordingly started in 1914. Since that time it has been prosecuted as 
rapidly as funds would permit. (See figs. 12 and 13.) 

The startling number of dangers to navigation discovered with the 
wire drag during the short time that it has been used in Alaska 
waters strongly emphasizes the fact that in regions where the shores 
are rocky practically all the navigable waters out to the 50-f athom 
curve must be dragged in order to provide the assurance of safe 
navigation to which navigators, shipowners, and the general public 
are so plainly entitled. This is a hu^e task, but it is imperative that 
it be prosecuted with vigor and carried to the earliest possible con- 
clusion. 

Too much emphasis can not be put on the need of increasing the 
force for completing the wire-drag survey in Alaska. There is 
hardly a move made by our vessels that does not indicate that there 
are pinnacle rocks with great depths of water surrounding them. 
This can not be permanently or safely done by the usual manner of 
carrying on hydrographic surveys. To do this economically, quickly, 
and thoroughly the launches snould be built by the Government to 
meet the needs of this iipportant and peculiar work. The wisdom 
of having launches built for the wire drag has been evidenced during 
the past season when they were a contributing factor in reducing the 
cost per square mile. The old method of hiring launches is a gross 
waste of time and money. It is hoped that several wire-drag parties 
can be placed in the waters of southeastern Alaska in 1921. 

FIRST SURVEYS OP INTERIOR ALASKA NEEDED. 

Character of the work needed. — ^It would be a mistake to leave the 
subject of water surveys in Alaska without calling attention to the 
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great need for establishing monuments (survey control points) 
throughout the Territory and determining their latitude, longitude, 
and elevation. 

(a) Along the coast such control points have been established in 
many localities where hydrographic surveys have been made, but 
they are not connected with each other or with the other surveys of 
the United States or Canada. In the interior control points have 
been located along the international boundary and in a few small 
areas inland, but all these various regions must be connected in the 
immediate future to avoid wasted effort, costly later adjustments, 
and a delay in the development of the coimtry. 

There is no place in the territory of the United States where maps 
are of more value in industries of various kinds than in the interior 
of Alaska. These maps, of course, should be good ones, and the only 
possible way to have a good map is to have a properly coordinatea 
and consistent system of control. 

The method of determining the geographic positions of monu- 
ments which are used for the control points of the topographic maps 
and surveys of various kinds is triangulation. In this method a base 
line or distance between two established points is measured and other 
distances between contiguous points are determined by computations 
from this known length and the measured angles of the triangles 
in the scheme of triangulation. The latitudes of these stations are 
the distances from the equator and the longitudes are the distances 
from the meridian passing through the observatory at Greenwich. 

(6) To join these various detached bits of triangulation and to 
connect the whole of Alaska to the surveys of the remainder of the 
<;ontinent in its proper geographic relation, observations have been 
begun with the cooperation of the Canadian Government on a strong 
chain of triangulation to reach from the vicinity of Seattle, through 
southeast Alaska to the upper portion of the Yukon Biver where 
it cros»BS the Alaskan boundary. From that point lines of triangula- 
tion will extend through Alaska, over routes indicated in a later 
paragraph. 

After being carried by the Canadians through British Columbia, 
this scheme of triangulation will lead northward across Dixon 
Entrance, thence up Clarence Strait just eastward of Ketchikan, 
passing to the eastward of Kupreanof and Admiralty Islands and 
up Lynn Canal to where the scheme again crosses into Canadian 
territory. 

To that central belt of accurately determined control points will be 
connected loops of triangulation which have already surrounded or 
soon will surroimd many of the large and important islands in south- 
eastern Alaska, such as Kevillagegido, on which Ketchikan is located, 
Prince of Wales Island, and others which are of vital importance to 
the development of that portion of Alaska. 

Accurate elevations are determined in the interior of a country by 
lines of precise leveling which are extended inland from tidal sta- 
tions. At these tidal Nations the relation between mean sea level 
and some object on shore is determined by long series of observations. 
The mean sea level is considered to be zero in the leveling net, and all 
other elevations are referred to it. 

With the longitude and latitude known for each of a numbw* of 
triangulation stations and the elevations available for bench marks, 
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we have what may be considered a framework upon which detailed 
surveys can be made. If the area is local and can never be connected 
by triangulation with any other (such, for instance, as an oceanic 
island), then extensive primary trian^lation and precise leveling 
are not necessary ; but in an area the size of Alaska each locality thiS 
is the scene of present industry and commerce will imdoubtedly 
be connected by surveys and maps with other localities. If we do 
not have such a framework, as mentioned above, there will be serious 
discrepancies when two local surveys or maps are joined. There will 
be offsets, gaps, or overlaps which will be sources of trouble until the 
whole work has been properly adjusted to the strong control work 
that must be done to make the local surveys fit into each other. 

It is the experience of all civilized nations that for the economical 
surveying and mapping of their areas primary triang^ulation and 

i)recise leveling have been required. Many of the countries have f ol- 
owed the surveys and maps by primary triangulation and precise 
leveling, while others have had the control work precede the opera- 
tions upon which the maps are based. In the United States much of 
the surveying of the public lands preceded any triangulation what- 
soever, with the result that many of the maps have not the proper 
control. 

Surveying is now being done in the interior of Alaska by several 
organizations of the Government, especially the United States Geo- 
logical Survey, the General Land Office, and the Forest Service. 
There are, of course, mineral surveys made also. These organiza- 
tions are now operating without primary control points, and there 
is no way of telling just where those local maps and surveys are 
located, except those that are made near the coast. An approximate 
position of a survey may be obtained by astronomic observations, but 
the latitude and longitude of such a survey may be in error by as much 
as one-fourth or one-half mile, due to the local attractions of the 
mountain masses on the plumb line, to which all astronomical ob- 
servations are referred. 

A letter from the office of the Commissioner of the General Land 
Office, under date of September 3, 1920, reads in part as follows : 

A system of triangulation along the Yukon River, especially the upper portion 
from Tanana to Eagle, will, no doubt, be of value to us in the near future. We 
have now pending 50, or more, isolated surveys scattered over this district, and 
others will follow. With triangulation we could adjust these surveys to the 
rectangular net and lay a foundation for a uniform system with less possibility 
of confusion than to dot the country with innumerable isolated surveys. 

WHERE CONTROL SURVEYS SHOULD BE MADE. 

It would seem to be the most economical method of mapping 
Alaska to have long arcs of primary triangulation and lines oi 
precise leveling extended throughout the area where maps are being 
made and where they will be made in the near future. There are 
some areas which can await the development of the country before 
the triangulation and precise leveling are done. This control work 
should be done very soon after opening of a transportation route, 
but should not in general precede it, as otherwise the work will be 
excessively expensive. 

There is immediate need for a system of primary triangulation 
down the Yukon River, from its crossing at the one hundred and 
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forty-first meridian to the mouth, or at least to St. Michael. A line 
of precise levels should follow. along this same route. Another line 
of precise levels and an arc of triangulation should be carried up 
the Copper River from its mouth and on to Fairbanks. A spur 
should be carried from this system to the one hundred and forty-first 
meridian at a point about 70 miles north of Mount St. Elias. An- 
other route which should be followed bv primary triangulation and 
f>recise leveling is along the Alaska Railway, from the head of Cook 
nlet northward. The other important work should be done along 
the Kuskokwim River, from its mouth to the Yukon, with a spur 
line running eastward along the Odgovigamut River. A small piece 
of work should be done between Cook Inlet and Bristol Bay. Here 
only triangulation is needed. 

The work mentioned above would, it seems, meet all the immediate 
needs for primary geodetic work in Alaska. It is needed for the 
interior as well as to strengthen the coast triangulation, which is 
used to control the sailing charts. The work outUned is, of course, 
not all that is needed, but additional work can be done and planned 
as occasion demands. 



Alaska's greatest need should be given serious thought now and 
not put off K)r another year. The provision now of a comparatively 
small amount of money will sav€ added expense in years to come, 
not to mention the saving in life and property. It is necessary to 
have the authorization for two new vessels, of the Surveyor type, a 
modem surveying vessel, and new launches, which is the only way 
to conduct this work economically from the standpoint of cost, also 
carrying on the work with greater speed. 

So important is the matter of the survey of the waters of Alaska 
that it is deemed a wise business move to establish at Ketchikan, the 
entering port of Alaska, as soon as funds are available, a permanent 
station supervised by a commissioned officer of the Survey, where 
the launches of the Survey can be stored in the winter, a vessel kept 
in commission, and where supplies, including coal and fuel, can be 
obtained. It is imfortunate that at the present station in Alaska our 
vessels have to depend on foreign coal and are often delayed owing 
to the fact that Australian coal and Canadian coal are not available 
for the vessels of the United States. The establishment of this per- 
manent station in Alaska will do much to facilitate matters and help 
the parties on sea and land to get into the field more promptly in the 
spring of each year. 



It is safe to predict, and with proper emphasis, that Alaska will 
reach out in the near future lookmg to development along all lines 
and through every possible channel. Her next 10 years will most 
likely place her far m advance of what the past 58 years have pro- 
duced, and all assistance possible should be forthcoming from the 
mother country, upon which the responsibility rests. We should be 
well prepared in every branch of the home Government to facilitate 
the commercial development and competition that is surely following 
since the close of the Great War. 
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Let it be hoped that the day is at hand when it will be no longer 
necessary to discover uncharted pinnacle rocks by the loss of some 
vessel, and the custom of commemorating the loss by naming the 
hidden rock after the imfortunate craft will be impossible in the 
future. 

The question is often asked, " Why don't vessels hit all these hidden 
rocks f'^ The answer is, ^ve them time and they will. 

The Coast and Geodetic Survey, which in this field should have 
been the pioneer, showing the way for commerce to reach each new 
enterprise, has instead been following impotently behind, charting 
dangers less from data obtained by its own surveys than from reports 
of vessels which have been wrecked on them. 

It is high time that such a state of affairs be corrected, yet it will 
now take some years before the surveys can reach a point where they 
can even meet the needs of the present commerce. 

While the United States has already invested many millions aiid 
plans to spend many more millions of dollars on a merchant inarine 
to develop foreign trade and study commercial conditions in all 
comers of the world, we seem to forget Alaska — a part of our own 
domain — ^which with thoughtful financial support accompanied by a 
wise and liberal Federal policy, we would soon build a most profitai)le 
trade unrestricted by the innumerable foreign regulations and with 
conspicuous economy and to the mutual advantage of the people of 
our own country. 

PURCHASE OF DUTCH HARBOR, ALASKA, AS A FEDERAL GOVERNMENT BASE. 

In 1914, 1915, 1916, and 1917, 1 strongly recommended the desira- 
bility of the purchase of Dutch Harbor, Aleutian Islands, Alaska, 
as a Federal Government base. Up to the present time, while the 
wisdom of securing this property nas been shown clearly, nothing 
definite has been done. Dutch Harbor is the old home and village 
of the North American Commercial Co., where now the Government 
wireless station is located. The place is practically abandoned. The 
buildings are in a fair state of preservation. The harbor is excellent 
and far better and safer for large vessels desiring to dock there than 
at Unalaska. There is an abundance of excellent water, which Una- 
laska lacks. There are also good buildings for living quarters for 
various Government officials. There was never a greater need for a 
Government base in western Alaska than at this time, where coal, 
fuel, and other supplies can be obtained at any time of the year, 
which under existing conditions is impossible. The idea of making 
Dutch Harbor an ideal Government supply station is one that should 
be encouraged, and the opportunity now presents itself, and if further 
postponed the opportunity for carrying out this wise business venture 
may be lost. 

FIELD STATION AND BOATHOUSE AT KETCHIKAN, ALASKA. 

Since 1898 practically the entire facilities of the Coast and Geo- 
detic Survey on the Pacific coast of the United States have been 
employed in Alaska in an effort to keep pace with the growing com- 
merce carried on with its coast ports. During the period from 1907 
to 1915 three of the Survey's vessels were employed in southeast 
Alaska in an effort to obtain, by means of adequate surveys, accurate 
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charts to assist in the commercial development of the country. 
To assist in this work, launches were emplojred for the development 
of shoal areas and ledges and to search out intricate areas where the 
larger vessels could not be maneuvered. A small boathouse on the 
naval reservation at Sitka was used to house these launches during 
the winter seasons, and the naval station at that place was used as 
the base station for surveying opertions up until 1907, when it be- 
came necessary to remove tne launch equipment to a place more acces- 
sible to the working grounds in southeast Alaska. Ketchikan was 
selected for this purpose and a boathouse constructed at Metlakatla 
for housing the launches and storing such of the equipment as it 
was found advisable to leave in Alaska. 

In 1914 wire-drag work was begun in southeast Alaska, and from 
1915 to the entering of the Unit^ States into the World War two 
parties were employed. The launches used upon the work were 
chartered makeshifts remodeled to serve as best they could and were 
returned tx) the owners at the end of the season. At the termination 
of the wajr relief came in a measure to this very unsatisfactory way 
of procuring equipment. The Navy supplied the Survey with a 
number of large launches which were made suitable after alteration 
for assisting in the wire-drag work. 

The additional equipment made it possible to resume survey work 
with increased activity in southeast Alaska, and the necessity for 
providing suitable space for housing the equipment at the most ad- 
vantageous point now presents itself. There are to-day four large 
steam launches and six large motor launches which will remain m 
Alaska during the winters, as it is not practicable to tow them or run 
them south when the approach of winter weather makes it no longer 
econonkical to attempt wire-drag and other survey work. To these 
will be added during the coming year three gas launches which are 
now stored in Seattle. The repairs incident to the upkeep of this 
equipment, together with repairs to the wire-drag apparatus, can 
only be accomplished after the close of the surveying season and must 
of necessity be completed before the opening of the season in the 
eariv spring. 

Trtiere should be the most serious thought given to the care of 
this assembled equipment, its upkeep, and its apportionment to 
parties given the task of sweeping the channels with the wire drag 
and extending the surveys to meet the need of commerce. With this 
in mind and wie paramount importance of selecting a site suitable for 
a base, authorization will be sought for the construction of suitable 
boathouses, ways for hauling out, and a wharf that can be used by 
the larger vessels for storing coal and supplies needed in the field of 
operation. If authorization can be secured all plans and specifica- 
tions will be prepared, bids obtained, and the construction begun at 
once. 

The present plan for construction and estimated cost are as fol- 
lows: 

Boathouse witb suitable space for overhauling wire-drag equipment, 

ways, and storing facilities for 13 launches $15, 000 

Wharf with 2,000 square feet 5,000 

Vatchman's dwemng 2, 500 

Total 22,500 

1278a--20 4 
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The rapid development of Alaska along commercial lines is well 
illustrated by the request for surveys and for information pertain- 
ing to areas where newly selected sites for proposed industries have 
been chosen. There are, especially in southeast Alaska, some of 
the finest water-power sites on the Pacific coast, which have at- 
tracted the attention of capital with a view to establishing pulp 
mills and other industries. The water approach to these sites must 
of necessity be surveyed, dragged, and the dangers charted. The 
most important of Alaskan water-power projects at this time, and 
one which has been developed to a considerable extent, is located 
at Port Snettisham. It is located in the midst of a well-timbered 
section and surrounded by other valuable material resources easily 
accessible. An urgent request for a more complete survey of the 
approaches to this important site has been received through one 
of the survey parties now operating in its vicinity. 

To keep more closely in touch with the needs for such survey.s 
it is proposed to establish in southeast Alaska a permanent field 
station of the Coast and Geodetic Survey. This will enable the 
public to obtain advance information of the navigable waters where 
surveys are partially completed or totally lacking. With a Survey 
oiBcer available at such a station small surveys and examinations can 
be made at once and much valuable information obtained which 
will enable commercial interests to locate at points accessible to 
the passenger and freight steamers plying between Alaska and 
United States ports. 

As the proposed operations in Alaska during the next year are 
to be taken up with increased activity, it emphasizes the necessity 
of establishing a field station by which the. inspector in charge can 
cooperate with steamship lines to insure prompt reports of dangers 
discovered and other information affecting the coast charts. 

The question of a location for such a station is of course governed 
by its accessibility to the shipping interests and its relation to the 
field of surveying operations. Situated as it is on the main artery 
of commerce, Ketchikan has been selected as the most suitable port 
for a field station of the Survey in southeast Alaska. By reason of 
the fact that the shore-surveying season opens earlier and closes 
later in this section than in others, Ketchikan is better suited for 
hauling out and storing the floating equipment. It is more accessible 
to the market from which supplies and repair material will be sent 
for the upkeep of the launches and wire-drag apparatus, and if 
arrangements can be made for storing coal for the surveying vessels 
the freight rate on such coal, supplies, etc., would be at a minimum 
cost. 

By reason of its accessibility other Government bureaus are r^re- 
sented at Ketchikan, notably the Bureau of Lighthouses and the For- 
est Service. With the Coast and Geodetic Survey permanently rep- 
resented at that place, close cooperation with the local represent- 
atives of these bureaus could be maintained, with resulting benent 
to the maritime and commercial interests. 
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CHAPTER II. 

WHAT IS NEEDED TO BETTER ACCOMPLISH THE FIELD WORK. 
MODERN SURVEYING VESSELS NEEDED. 

For the past five years I have reiterated in my annual reports the 
urgent need of the JBureau for better vessels to carry on its hydro- 
graphic surveys. Each year I have repeatedly pointed out the false 
economy of trying to accomplish surveys with the fleet of old vessels 
that is now the property of the Bureau. Some of these that have 
been in the service for years are now actually unseaworthy and 
can only be used under the most favorable conditions; yet the cost 
of operation of each of these old vessels in personnel, fuel, etc., is 
no less than would be the cost of operation of efficient vessels, yet 
the limitations on the purposes for which these old vessels may be 
used on account of their unseaworthiness are such that an enormous 
amount of time is lost and the cost per imit of accomplishment is 
excessive, but with no other means at my disposal for making the 
surveys called for I have no other alternative but to continue the 
work, excessive as the costs are. 

Beginning in 1913 the Bureau has been endeavoring to replace its 
worn out and unseaworthy surveying vessels by adequate modern 
vessels and to build up the fleet sufficient to meet insistent demands 
for hydrographic surveys in the United States, Alaska, the Philip- 
pine tslands, and elsewhere in the insular possessions, but the neces- 
sary fimds have not been provided. The total amount provided 
to date for the construction or purchase of new vessels during the 
last 16 years has been only $296,000. Meanwhile the demand for 
new surveys has become increasingly insistent, particularly in Alaska, 
although the demand for surveys oi the waters of continental United 
States IS urgent. 

During the Great War nearly all the vessels of this service were 
traBsferred to the Navy and were used for military purposes. For 
this reason, and because most of the officers also were on military 
duty, very little surveying was performed by this Bureau during 
that time, and as a result there is a two years' accumulation of work 
which, together with the normal annual work, can not be accom- 

Klished with the present fleet. With the cessation of hostilities the 
layy was in possession of a considerable fleet of auxiliary vessels, 
which had served its purpose as war craft and was available for 
transfer whenever required elsewhere in the Government service. 
It was realized that. very few, if any, of these vessels were suitable 
for surveying, but because no other vessels were available I accepted 
some of tnem, regarding them as makeshifts until more suitable ves- 
sels could be provided, but hoping that from the lot I could obtain 
a few that would serve the purpose of this Bureau in a measure for 
several years. 

With this fleet, together with the former Coast Survey vessels 
which were returned fay the Navy, this Bureau endeavored last sum- 
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mer to resume surve)n,ng operations. The first season's work with 
these ex-Navy vessels showed conclusively that, with one or two ex- 
ceptions, they were absolutely unsuitable for the work ; that the unit 
cost of work performed with such vessels was abnormally high; and 
that much of the most urgently needed work could not be done at all 
with them. Of the seven vessels received from the Navy two were 
turned back before any surveying work had been done, as the cost 
of putting them in operating condition would be out of proportion 
to their original cost or present value. One more vessel will be 
turned back this winter for the reason that her condition is such 
that the cost of putting her in seaworthy condition would not be 
justified by the amount of surveying work that could be accom- 
plished with her annually. The other vessels will do fairly well for 
a few years, but will always be inefficient. 

In the year 1914 the Coast and Geodetic Survey operated 16 sur- 
veying vessels, 4 of which were the property of the Irhilippine gov- 
ernment, and the balance were owned by this Bureau. Five of 
these vessels were over 30 years old at that time, and only 6 of them 
(3 United States vessels and 3 Philippine vessels) were under 15 
years of age. Two of the vessels were Duilt in 1859 and 1862, respec- 
tively. Prior to 1914 the Coast and Geodetic Survey had not acquired 
a new vessel since 1904. 

In 1915 one of the oldest vessels was condemned as unseaworthy 
and an appropriation of $289,000 was made for the purchase or con- 
struction of two surveying vessels. As this amount was too small 
to permit the construction of two new vessels, it was necessary to 
purchase the best possible vessel at the smallest cost so as to leave suf- 
ficient funds for the construction of one vessel. The Bureau was 
particularly fortunate in securing a fair yacht at a cost of $60,000, 
and thus was able to enter into contract for the construction of a 
modern surveying vessel, which ultimately cost $236,000. As the 
surveying vessel was not completed until 1917, the net gain in the 
number of ships that year was naught. 

In 1916 two more of the oldest vessels were found no longer fit 
for surveying work and were disposed of, thus reducing the neet to 
14 vessels. In 1917 the new vessel was completed, thus increasing 
the fleet to 15 vessels. 

The vessels were then turned over to the Navy for war purposes, 
and the surveying fleet was reduced to the few vessels that could not 
be used for military purposes. 

In 1919 seven vessels were obtained from the Navy, but during 
1918 and 1919 seven vessels were disposed of, so that there was no 
change in the niunber in the fleet over 1917. Of these seven vessels, 
two were Navv vessels returned because they could not be used in 
survey work, three old vessels were condemned and sold (one of them 
the vessel built in 1859) , one vessel (the property of the Philippine 
government) withdrawn from survey operations, and one vessel 
wrecked. 

It will, therefore, be seen that at the present time the number of 
vessels available for use of this Bureau is one less than the number 
available in 1914. Furthermore, as stated above, a third naval vessel 
must be disposed of this year, as she is no longer fit for survey oper- 
ations, thus reducing the fleet to two less than the fleet of 1914. 
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This fleet is, of course, superior to the 1914 fleet, as the oldest vessels 
have been weeded out and replaced by newer craft ; but, on the whole, 
these ships, with the exception of the one new vessel constructed in 
1915 and 1916 and one vessel obtained from the Navy, are not very 
much more efficient than were the old vessels. Furthermore, we have 
now 14 vessels to do a vastly greater amoimt of surveying than was 
required in 1914 from 16 vessels. If we assume that these 14 vessels 
can do as much work as the 16 vessels of the 1914 fleet, and it is not 
at all certain that they can do this, it is evident that there will be 
no advancement in surveying operations. - We shall steadily drop 
behind in this work, each year the charts will become more and more 
out of date, and I shall have to continue to tell the public that we 
can not assist in opening up new steamship routes as rapidly as 
conmierce demands. 

If this Bureau is to keep its charts up to date, to make revisional 
surveys where depths have changed, to provide the charts urgently 
needed for the navigation of our coastal waters, and to chart the 
at present uncharted portions of Alaska where industries have re- 
cently opened up, it will be necessary to provide as soon as possible 
tiiree new surveying vessels of the most efficient type and exactly 
suited to this work. Two of these vessels should be of the Surveyor 
trpe (the vessel that was built for this Bureau in 1916-17) and the 
third should be a small, light-draft vessel for use in bays, rivers, and 
sounds. 

Hydrographic surveying can be efficiently and economically done 
only with appliances, including vessels exactly suited to the work. 
It might be thought that any vessel of the proper size could be used 
fairly successfully in this work, and this mi^ht be true if the func- 
tion of the surveying vessel is only to provide a means for trans- 
porting the hydro^aphic party. This, however, is not the case. 
An efficient surveym^ vessel is really an instrument, or, perhaps, 
might better be described as a floating stand on which certain sur- 
veying instruments can be mounted. In order that these instruments 
may be operated to their full capacity it is necessary that the stand 
(surveying vessel) be as steady as possible; that it remaifi reason- 
ably dry when the sea is rough; that it be provided with power for 
moving it quickly from place to place and for placing it exactly at 
any desired spot on the water ; that it be rugged enough to withstand 
serere storms and that it be large enough to carry all necessary sur- 
veying instruments, including small surveying launches, and at the 
same time be not unnecessarily large, thus requiring unnecessarily 
heavy machinery to operate. These are some of the requirements oi 
a real surveying vessel; and, in addition to the above-mentioned 
requirements, it should have suitable quarters for accommodating 
the surveying parties and sufficient fuel capacity to enable it to re- 
main away irom the base of supplies for a considerable period. 
These qualities can not be found m any vessel designed for pur- 
poses other than surveying. Consequently it is impracticable to 
secure suitable surveying vessels except by building them. 

A comparison of the cost of work accomplished with an efficient 
sun^eying vessel with similar work performed with vessels not de- 
signed for this purpose brings out interesting facts. This Bureau 
is now operating several yachts that were acquired by transfer from 
the Navy at the termination of hostilities. These are very good 
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yachts; they compare well with vessels of their type, and probably 
satisfy the requirements for a survey vessel as well as does any type 
of vessel not designed for surveying. During the past season two of 
these yachts and one of our specially designed surveying vessels were 
employed in the same general locality, on similar work, under simi- 
lar conditions, and therefore the cost of operating these three vessels 
at that time is fairly comparable. The larger of the yachts cost 
$10,840 per month for all expenses, the smaller of the yachts cost 
$8,414, and the surveying vessel cost $16,372. It would therefore 
appear that the smaller -yacht was the most economical, but the 
smaller yacht could carry officers, men, and eauipment, including 
boats, for the operation of only two parties. The larger yacht, for 
the same reason, could accommodate only three parties, whereas 
the surveying vessel, having been designed to meet the requirements 
stated above, permitted the operation of five surveying parties. It 
is therefore evident that the cost of surveying with the surveying 
vessel was $3,274 per party per month ; for the larger yacht, $3,613 
per party per month; for the smaller yacht, $4,207 per party per 
month. In other words, the larger yacht cost 10 per cent more 
than did the surveying vessel for the same amount of work, and the 
smaller yacht cost 28 per cent more for the same amount of work. 

ECONOMY IN GO\TERNMENT-OWNED WIRE-DRAG LAUNCHES. 

Much has been said in the past of wire-drag launches in discussing 
the needs for equipment 6f the Survey. In my reports the advisa- 
bility of having Government-owned launches has been pointed out 
and appropriations have been asked for to supply this needed 
equipment. 

Not until the summer of 1919 was it possible to draw an actual 
comparison of the value of these launches with those which hereto- 
fore have been obtained from private sources at large rental cost and 
expense in altering them for the wire-drag work. 

During the summer of 1919 for the first time the Survey had in 
operation four specially constructed wire-drag launches working 
on the New England coast, which demonstrated their efficiency in 
carrying on our wire-drag surveys. The launches are specially de- 
signed for this class of work, and therefore have the proper amount 
or space for the appliances required in the search for submerged 
dangers. They have been fbxma far superior to the clumsy vessels 
that have been hired herertofore for towing the wire drag, and on 
which we have been forced to spend time and money in making 
alterations to fit them in a measure for the work. 

With this efficiency and economy evidenced by their use during the 
summer of 1919. it is apparent that the addition of at least four new 
launches to the tour already provided is warranted. 

The new specially-designed launches permit the installation ot 
permanent equipment. The power reels heretofore used on the char- 
tered launches were an outgrowth from a crude hand apparatus 
unduly cumbersome, complicated, and unsightly. They were de- 
signed as temporary expedients to be put on and hauled off the 
launches every few months, with the natural result that they include 
features that could be greatly improved in a permanent installation. 
Such permanent design has been made, the underlying idea being 
to secure simplicity, compactness, reliability, and permanency. 
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Auxiliary hoisting engines were improved upon which permits the 
hoisting of heavy articles on or about the deck. With this kind 
of apparatus the reel can be set low upon the deck, and neatly cov- 
ered when not in use. Permanent lockers for stowing buoys and 
floats can be installed, so that every article of equipment in use has 
a definite place under cover securely stowed and in order at all 
tim^. This plan has greatlv simplified the operation as well as 
improved the appearance of the launches. 

At the time oi the transfer of vessels from the naval service to 
this Bureau for survey work, a number of small cruising launches 
were also transferred. These launches with two exceptions were 
shipped to the Pacific coast for the purpose of carrying on wire-drag 
work in southeastern Alaska, the necessity for which has been 
pointed out in my reports each year. 

At present the steamer Explorer^ acting as a mother ship for these 
launches, is now engaged in dragging the main channel route in the 
vicinity of Juneau, Alaska, the vessel itself being used as the guiding 
lannch which tows one end of the drag, determines its progress 
through the water, and carries the heavy power reels for winding 
in the drag when it is taken up and the semaphore for signaling to 
the smaller launches which are in attendance. One of the launches 
tows the other end of the drag. 

The Navy launches, while not designed for wire-drag work, have 
to some extent been remodeled for this class of work and have been 
made serviceable for a short period. 

It is a source of gratification to have eliminated the large expense 
of chartering launches for this class of work, although for the first 
time in several years but one party has been operating on the wire- 
drag work, not through the lack of equipment, but by reason of the 
fact that sufficient officers were not available for thi» class of work. 

In my estimates for 1921 I have entered an item for the same 
number of launches as estimated for in 1920, viz, four 60- foot wire- 
drag launches and two 30-foot wire-drag tenders. These launches 
are needed for wire-drag work in Porto Rico and the Virgin Islands 
and Alaskan waters. The number estimated for is just sufficient to 
equip two drag parties and, if supplied, will permit in the coming 
year the operation of two parties on the Atlantic coast, one in Porto 
Kico and Virgin Islands, and two wire-drag parties in southeastern 
AJasfca. The Navy has urged for several vears that the waters of 
Porto Eico and Virgin Islands be dragged to insure safety to the 
fleet during the winter maneuvering in those waters and to provide 
a safe place for a rendezvous. As for Alaska, the need for com- 
pleting the dra^ work is urgent. The present launch equipment (the 
launches supplied by the Navy) provides for but one wire-drag 
party, while heretofore two parties with chartered launches have 
been in operation during the working season in southeastern Alaska. 

INCREASED APPROPRIATIONS FOR CONTINXTING GEODETIC OPERATIONS. 

By Executive order dated December 30, 1919, there was created a 
Board of Surveys and Maps of the Federal Government. The work 
of this board bears close relation to the geodetic surveys by the 
Bureau, and will doubtless have such an influence in shaping the ac- 
tivities of the Bureau in the future, that this subject would be incom- 
plete without some mention of the purposes and aims of the board. 
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The Executive order directs the board to make recommendations 
to the several departments of the Government or to the President 
for the purpose of coordinating the map-making and surveying ac- 
tivities of the Government and to settle all questions at issue between 
the executive departments relating to surveys and maps, in so far as 
their decisions do not conflict with existing law. The Executive 
order further directs that the board shall hold meetings at stated in- 
tervals to which shall be invited representatives of the map-using 
public for the purpose of conference and advice. 

It is believed that the creation of this Board of Surveys and Maps - 
is a step that will have very far-reaching consecjuences in the hori- 
zontal and vertical control and the toDographic mapping of the 
country and in planning standard methoos to carry on the work con- 
nected with surveying and map making of various kinds, done by 
Government organizations and by private organizations and indi- 
viduals. Maps have been made in this country ever since the colonists 
first landed, but there has never been any coordinating agency by 
which standards of accuracy would be established for the guidance of 
surveyors and map makers. 

The Board of Surveys and Maps since its organization in Janu- 
ary, 1920, has had a number of meetings, and it has adopted, as its 
general opinion, the plan that the control surveys of the country, as 
far as the fundamental geographic positions and elevations are con- 
cerned, should be made hj the Coast and Geodetic Survey. 

The Coast and Geodetic Survey has, as one of its main functions, 
the establishment of fundamental horizontal and vertical control 
along the coast and in the interior of the United States. The sta- 
tions of the control surveys, both horizontal and vertical, are for 
the primary purpose of forming the basis for the various classes of 
surveying and mapping and to fill other engineering needs. They 
are especially valuable for the standard topographic surveys of the 
United States Geological Survey, the military surveys of the Army, 
international. State, and county boimdaries, and engineering and 
surveying work for highways, railroads, and cities. 

For about 50 years Congress has been appropriating small amounts 
of money for the establishment of precise geographic positions and 
elevations in the interior of the country. On January 1, 1910, there 
were 10,000 miles of precise triangulation and traverse in the interior 
of the United States. On January 1, 1920, there were about 16,000 
miles, an increase of 60 per cent in 10 years. A small part of this 
work was done by the United States Lafee Survey. 

On Januar}^ 1, 1910, there were 26,000 miles of precise leveling in 
this country, run by the United States Coast and Geodetic Survey and 
by other organizations, while now there are 42,000 miles, an increase 
of 62 per cent. 

The rate at which the precise horizontal and vertical control has 
been done during the last 10 years is far greater than has been the 
case formerly. This is due to somewhat larger appropriations and 
also to greater efficiency and skill in the executive and technical work 
involved. The slowness with which the geodetic work has been ex- 
tended in the country for the last half century is due almost entirely 
to the lack of appreciation of the necessity for fundamental control 
by other organizations of the Government, by States, cities, and by 
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private organizations and individuals. The officials of the Coast and 
Geodetic Survey have continually placed the problem before Congress 
and urged a greater appropriation for this work. The demands are 
now becoming so urgent on this suivey that it is believed far greater 
appropriations should be made now in order to meet public needs. 

Until the organization of the Board of Surveys and Maps the 
Coast and Geodetic Survey was following the plan which would 
provide eventually a precise-level bench mark and a precise triangu- 
iation or traverse station within about 50 miles of each point in the 
interior of the country. In order that this might be done, it would 
need 30,000 miles of precise triangulation and traverse, at a cost of 
approximately $1,275,000. The total cost of the vertical and hori- 
zontal control necessary to supplement existing work on that plan 
would be approximatelv $1,725,000. 

It is believed that if we should have the amount of vertical and 
horizontal control mentioned above, supplemental lines of precise 
or lower grade horizontal and vertical control could be extended 
into new areas in a very short time, where detailed surveying and 
mapping operations might be planned. It was thouj^ht to be inad- 
visable to neglect the main scheme by spending the time and money 
of the Bureau in making detailed control surveys in very local areas. 
The result of the meetings and deliberations of the Board of Sur- 
veys and Maps has modified very greatly the simple plan outlined 
aliove for the control work of the Coast and Geodetic Survey. The 
board is of the opinion that very much more precise vertical and 
horizontal work should be done and also that the control be carried 
on at such a rate that there will be, in the near future, a precise or 
secondary elevation and geographic position within every 30-minute 
Quadrangle of the country. When the control has been carried on to 
this extent, we shall have final values for elevations and geographic 
positions within the area of each quadrangle sheet of the u . S. Geo- 
logical Survey and near each town and city of the country. Prac- 
tically all county and State boundaries will have fundamental geo- 
graphic positions established near them. There will not be the neces- 
sity in the future of shifting the geographic positions on a map 
hased on this control or of changing the scale of the map in order 
to make it consistent with some other maps, or of placing an equa- 
tion on the map to show the error of the datum on which the eleva- 
tions and contours are based. The final positions furnished would be 
on what is called the North American datum and the elevations on 
mean sea-level datum. 

The amount of precise or secondary leveling in the intermediate 
areas of the main network will be about 87,000 miles, which will 
^ approximately $1,040,000. The amount of precise or secondary 
triangulation and traverse necessary to furnish the fundamental 
control in the intermediate areas of the general scheme is about 
W,000 miles, which will cost approximately $2,940,000. 

The total cost of the field work to furnish the precise and secondary 
leveling and also the precise and secondary triangulation and tra- 
^crscj which will bring control points in each quadrangle sheet — 
^W IS, an area 30 minutes square — ^is approximately $5,700,000. 
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CHAPTEE III. 

WHAT HAS BEEN DONE IN THE FIELD DURING THE FISCAL YEAR. 

As in the past, the field accomplishments for the year are smn- 
marized imder the following classifications : 

Hydrography: (1) Ship and launch hydrography ; (2) wire-drag 
surveys; (3) revision work; (4) current observation; (5) tidal ol> 
servations; and (6) topography. 

Geodesy: (1) Triangulation ; (2) precise levels; and (3) magnetic 
observations. 

HYDROGRAPHY. 

The following table gives a condensed statement of the vessels at 
the disposal of the Coast and Geodetic Survey within the fiscal year : 





Operated 

Survey 
at be- 
ginning 
of fiscal 
year. 


Received by- 


Disposed of by- 


Name of vessel. 


Transfer 
from 
Navy. 


Loan 
from 
Philip, 
pine 
govern- 
ment. 


Return 
to Navy. 


Sale. 


Arcturus * 








1 




Bache 








Cosmos 










Explorer 










Fathomer ' 










Hvdroeraoher 










^arograpner.................. ....... ........ 








n 


Lydonia* 




1 








iurinduque * 




1 






Natoma* 


J ! 










Onward ^ 










Patlifinder 










Patterson 









1 












Romblon* 










Surveyor 










Wenonah * .. 










Yukon 




















Total 


16 1 


1 


1 


3 











1 Converted yachts received by transfer from the Navy for surveying. 

s Owned by Philippine government and loaned to Coast and Oeodetic Survey for surveying in Fhilippino 
waters. 
* Damaged by collision with sunken wreck, beached and damaged by storm beyond economical r^xdr. 

Owned and operated or operated by the Coast and Geodetic Survey at be- 
ginning of year Iff 

Received by transfer from Navy 1 

Received by loan from PhiUppine government 1 

Total - 18 

Sold during year 2 

Returned to Navy during year 1 

3 

Total vessels at disposal of the Survey at end of fiscal year 1920 16 
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The following is a brief statement of the assignments of the vessels 
at the disposal of the Coast and Geodetic Survey within the fiscal 
year: 

''A returns, ^^ — This vessel was outfitting in New York the first half 
of Julv and proceeded to Norfolk, Va., the 16th of that month. Her 
condition not having proven satisfactory, her personnel and equip- 
ment were transferred to the Lydonia. She was then laid up, and on 
January 15 returned to the Navy. 

" BacheP^ — ^This vessel was outfitting at Norfolk at the opening of 
the fiscal year. During the months or August, September, October, 
and up to November 21 she was engaged on hydrographic surveys at 
the entrance of Chesapeake Bay. She was outfitting irom November 
21 to December 23, when she proceeded to Pensacola Bay and after a 
brief stojp continued to the mouth of the Mississippi River and was 
engaged in a hydrographic examinatij^n of the approach to the en- 
tnmce. This was completed and she returned to JPensacola January 
27. She then cooperated with the Ranger in the offshore surveys of 
the Gulf from Pensacola to the westward. She continued in this 
work imtil May 5, when she proceeded to Norfolk and was under- 
going repairs from May 14 to June 16. 

" ^e>«m^^."— This small steamer is used as an auxiliary for one of 
the larger surveying vessels during the Alaska season. This year she 
was assigned to the Lydonia and was taken out of storage the latter 
part of May and overhauled for the approaching season's work. 

^ExflorerP — This vessel was laid up in Lake Union, Wash., until 
the latter part of February, 1920, when she was outfitted as the 
mother ship to the launches for wire-drag work in Stephens Passage, 
Alaska. She left Seattle April 15 with the launches, and the neces- 
sary preparations and outfitting of the launches were completed at 
Juneau, and on June 6 the actual field work was started. 

^Natomay — This vessel was at the Canal Zone June 30 en route 
for San Francisco, where she arrived July 27. She was engaged in a 
hydrographic reexamination of San Francisco Bay until April 15, 
1920, when she was overhauled and repaired and was so engaged until . 
June 30. 

" Onward.^^ — This vessel was engaged in a hydrographic examina- 
tion at Hampton Eoads, Va., from July 1 imtil September 27. On 
the latter date she proceeded to Doboy Sound, Ga., and continued on 
hydrographic work in this locality. This was completed on December 

24 and she was undergoing repairs at Savannah, Ga., from December 

25 to March 8. She then proceeded to Adams Creek and the Neuse 
River, N. C., where she was engaged in combined operations to the 
close of the fiscal year. 

^''Pathfinder?'* — This vessel operated in Philippine waters through- 
out the entire year. 

^^ Patterson.'*'* — ^As stated in my last annual report, the sale of the 
Patterson was contemplated as soon as the necessary formalities could 
be complied with. These were completed and the sale effected Decem- 
ber 15, and she was removed by the purchaser from where she had 
been laid up in Lake Union, Wash. 

" Rav^er.^^ — ^This steamer, having completed repairs and outfitting, 
proceeded the latter part of July for Mobile, Ala., where she arrived 
on August 2. She continued on hydrographic surveys of the Gulf 
coast from that date to the close of tne fiscal year. 
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" Roniblomy — ^This vessel was employed in making surveys of the 
Philippine waters throughout the fiscal year. 

" Stalia.^^ — This vessel was received from the Navy October 6, and 
then proceeded en route to the Pacific coast, when boiler trouble 
developed, and it was necessary to tow her into Key West for repairs. 
After a month's delay on this account? she made a new start only to 
break down a second time. She was laid up at Nuevitas, Cuba, for 
two months, and then returned to Key West. From Key West this 
vessel proceeded to Charleston, S. C, and on March 15, 1920, was re- 
turned to the Navy Department. 

*-^ Surveyor,^'' — This vessel was being repaired and outfitted July 1, 
1919. These were completed July 9, when she left Seattle, Wash., for 
Shelikof Strait, Alaska. She was engaged in combined operations 
in this part of Alaska until her return to Seattle November 4. She 
was being overhauled and repaired from November 5 to March 26, 
when she returned to Shelikof Strait for work in Alaska for the 
remainder of the fiscal year. 

" Wenonah?^ — On July 1 the Wenonah was en route from Norfolk, 
Va., to her working ground on the California coast. She arrived at 
San Diego July 17, San Francisco July 31. After some necessary 
repairs and outfitting at the latter place she proceeded to her working 
CTounds in the vicinity of Cape Mendocino, Calif., where she arrived 
August 28. From this time onward until December IT she was en- 
gaged in hydrographic work. She was then engaged in being re- 
paired and outfitted both at San Francisco and Seattle until June 20, 
when she proceeded to her working grounds in southeast Alaska. 

^^Lydonia^ — This vessel was transferred from the Navy August 
7, 1919. She completed her outfit and preparations for the voyage to 
her field of work on the California coast during the remainder of the 
month. During September she left Norfolk for San Francisco and 
was outfitting there during the month of October. November, De- 
cember, and January she was engaged in offshore hydrography be- 
tween Uape Mendocino and Point Arena, Calif. From February 4 
until May 26 she was under repair and outfitting, and on the latter 
date she left for her field of work in southeast Alaska. 

^''Fathomer.'^'^ — This vessel operated in Philippine waters and was 
in commission the entire year. 

'''Hydrogravhery — This vessel was engaged in hydrographic sur- 
veys of the Florida Reefs in the vicinity of Key West during the 
entire year. On September 7 to 8 occurred a storm notable for its 
severity. During the height of the storm the Hydrographer dragged 
her anchors and drifted down on another steamer. To avoid sinkmg 
or serious damage her cables were slipped and she drifted ashore. 
Through the energy and resourcefulness of her commanding officer 
she was floated by the exertions of her crew and without outside 
assistance. Hydrographic work by the vessel itself was interrupted, 
due to necessary repairs until January 17. 

"'/m." — This vessel was repairing and outfitting from July 1 to 
August 15. On the latter date she proceeded to her working grounds 
at the entrance to Delaware Bay and continued on a hydrographic 
examination of this locality until October 21, when she was ordered 
to special duty at Washington, D. C. From November 5 to December 
12 she was outfitting and repairing for her season's work off the 
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Florida coast. She arrived at Jacksonville December 31 and up to 
January 15 was engaged in the actual work of hydrographic surveys. 
On the latter date she struck a submerged wreck, loosening a number 
of plates in the bottom. The vessel was beached near St. Augustine, 
Fla. 

Current observatums. — During the year current observations were 
made on the following light vessels : 



Light vessel. 



State. 



Station. 



Time 
em- 
ployed. 



Blimts Reef 

Bnmsvidc 

Oofaunbia River 

BlainflDd Shoal 

[Pan Shoals. 



SS* 



FloDoek Rip Shie. . 

flanFimciaco 

Swiltsme — 

UmatiUa Reef . 



Winter Quarter Shoal. 

BontonReeL 

Omm Lookout Shoal ... . 

JitldBank 

Pktiand 

Kintucket Shoal 

Northeast End 

Stone Horse Shoal 

TUl of the Horse Shoe. 



California 

Georgia 

Oregon , 

North Carolina. 

.....do 

Delaware , 

Massachusetts... 

California 

Washington 

....do 

ViiKlnia 

Rhode Island. . . 
North Carolina., 
Texas , 



t Massachusetts.. 

New Jersey 

Massachusetts.. 
Viigina 



Total. 



Y.mA. 



8 17 
4 

3 

4 



19 



14 1 17 



Short series of current observations were made at the following 
localities : 



LocaUty. 



Time 
em- 
ployed. 



^klsland Sound, R.I 

^?orpo{se Harbor, Me 

gypake Bay Approaches, Va, 
^wive Bay Approaches, Del. . 
fsbof Sound Approaches, Oa. . 
gKllalE Island, A toa.... 

hes, Ala 

^ ,J.Y 

^■Dsacola Approaches, Fla 

I'tttsmouth^irbor, N. H 

Total 




Tidal observations^ principal stations. — ^Automatic tide gauges were 
in operation throughout the year at the following stations : 



1. Portland, Me. 

2. Port Hamilton, N. Y. 

3. Atlantic City, N. J. 

4. Philadelphia, Pa. 

5. Baltimore, Md. 

6. Femandina, Fla. 

7. Key West, Fla. 



8. Cfcdar Keys, Fla. 

9. Galveston, Tex. 

10. San Diego, Calif. 

11. San Francisco, Calif. 

12. Seattle, Wash. 

13. Ketchikan. Alaska. 

14. Kodiak, Alaska. 
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Tidal observations^ secondary stations. — ^Tidal observations were 
made at the following stations during a part of the year : 



1. Cape Porpoise, Me. 


24. 


Morro, Calif. 






2. Nalmnt, Mass. 


25. 


Lake Washington, boathouse wharf. 


3. Block Island, R. I. 


26. 


Lake Washington, 


Leschi Park. 


4. Point Judith, R. I. 


27. 


IJnga, BaroloflP Bay, Alaska. 


5. New York City, Bergen Point 


28. 


Aborlan, P. I. 






6. New York City, West Forty-second 


29. 


Arrecite Island, P. 


I. 




Street. 


30. 


Babuyan, P. I. 






7. New York City, New Brighton. 


31. 


Balabac, P. L 






8. New York City, Pier A. 


32. 


Blnanga Bay, P. I 






9. New York City, Spuyten Duyvil. 


33. 


Brooke Point, P. I 






10. Breakwater Harbor, Del. 


34. 


Calandorang, P. I. 






11. As»ateague, Va. 


35. 


Cana Island, P. I. 






12. Craney Island, Va. 


36. 


Green Island, P. I 






13. Fishermans Island, Va. 


37. 


Island Bay, P. I. 






14. Mile Watch Harbor, Va. 


38. 


Jamela Cove, P. I 






15. Nansemond River Light, Va. 


39. 


Makesi Island, P. ] 


[, 




IG. Old Point Comfort, Va. 


40. 


Mantaquin Bay, P. 


I. 




17. Pine Beach Ferry, Va. 


41. 


Mariveles, P. I. 






18. Oriental, N. C. 


42. 


Naranjos Island. 






19. Sapelo Lighthouse, Ga. 


43. 


Panacon, P. I. 






20. Pensacola, Fla. 


44. 


Puerto Princessa, P. I. 




21. Saddle Bunch Harbor, Fla. 


45. 


San Bemandlna Island, P. 


I. 


22. Eureka, CaUf. 


46. 


Village Rocks, P. 1 


' 




23. Humboldt Bay, NortbJetty, Calif. 










GEODESY 








Tbianqulation. 












Length of 


Area 








scheme. 


covered. 


Primary: 






Miles. 


Sq. miles.} 


Oklahoma, vicinity of Hartford to McAlester 






120 


1,900 
12,300 


Arizona, Nbza'.es-t'uma 


225 


Arizona,vicinity of Phoenix 


125 


7;800 


New Mexico. Albuaueraiie westward 


85 
40 
45 


4,600 
600 


California, Me "dean connection 


California. Caiifomia-Oreeon arc 


875 


Utahfforestareas -- 


105 


4,600 








Total 


745 


32, 176 










TertUry: 




' 


North Carolina, Neuse River 






15 


66 


California, Humboldt and Morro Bays 


50 


125 


Califomiaj San Francisco Bay .' 


12 


140 


Oregon, Umqua River 


6 


6 


New Jersey and Delaware, Cape Henlopen, Bethany 
stations 


Beach, Cape May radio 


15 
9 


20 


Oeoreia. vicinitv of Sanelo Liehthouse 


18 


Washington, Lake Washington 


20 


30 


FloridarKey West and Miami 


20 


110 


Alaska, Frederick Sound and Stephens Passage 


45 


325 


Alaska. Shelikof Straits and Cane Uctu northeastward _ . . 


98 


1,520 
55 


Virgin islands 






17 










Total 


307 


2,414 








Primary traverse: 

Indiana, North Vernon-Tipton 










100 
150 




Louisiana, Mansflold-Naples 












Total 


250 


" 








.... 


Reconnoissance: 

CaUfomianOregon 


400 


26,000 


Washington- Puget Sound 


100 
115 


500 


Indiana1[primary traverse), NorUi Vemon-Tlpton - - - - 












Total 


615 


26,500 
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Tbiangulation — Continued. 







Length of 
scheme. 


Areas 
covered. 


Prirnftiy tri^ngiilfitlovi . r r 


StJMMART. 


Miles. 
745 
307 


Sq.miUs. 
32,175 
2,414 


Teitiary tri«n^llfttion - 








Total 


1,052 


3489,5 








615 
250 




Primary trHverg^ ^ ^ ^ ^ ^ ^ „...,. 









Precise levels. — ^There were 2^6 miles of precise leveling run dur- 
ing the fiscal year 1920. The lines of precise leveling are as follows : 

Miles. 

Rouses Point to Williamson, N. Y 324 

Black Rock to Williamson, N. Y 132 

Kirk, Oreg., to Roseville, Calif 380 

San Jose to Santa Ana, Calif 491 

Hillsboro, Tex., to Naples, La 444 

Klamath Falls toward Ontario, Oreg 55 

Weed, Calif., to Portland, Oreg 420 

Total il 2,246 

An interesting development in long-distance leveling is worthy of 
note. Although the type of geodetic level now used by this Survey 
was adopted m 1900, there had been no occasion to use other than 
ordinary lengths of sights in the extension of the precise-level lines 
until a connection was required between the bench marks on the op- 

Eosite banks of the Mississippi River in the vicinity of New Orleans, 
a. In making this connection a method to which the instrument is 
peculiarly adapted was substituted for the usual method of waving a 
ta^et into the horizontal line of sight. 

The features of the instrument which lend themselves to this 
method of observing are that the telescope is irreversible and that it 
is supported near the object end by a pair of pivoting screws and 
rests upon the head of a micrometer screw near the eye end. (See 
fig. 14.) By turning the micrometer screw the eye end of the tele- 
scope can be raised or lowered, and thus in sighting through the in- 
strument the stadia wire can be made to pass over a large field. The 
micrometer head is divided into 100 equal parts, and an index is 
provided for reading the setting of the head. 

The general scheme of this method of observing is that simultane- 
ous reciprocal observations are made at each of 9ie points on oppo- 
site sides of the river. Instead of "waving a single target into the line 
of sight, when the bubble is in the middle of the tube, two stationary 
targets are set on each rod, one above and the other below the line 
of sight. By reading the micrometer head, with the middle wire on 
the top target, with the telescope level, and with the middle wire on 
the bottom target, respectively, the reading on the rod at the point of 
inersection of the line of sight, when the telescope is level, can be 
determined, as the distances from this point to the two targets will 
be proportional to the corresponding differences in the readings on 
the micrometer head. 
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At the point selected for the crossing, the Mississippi River is 
about 1,200 meters wide. Observations were made on November 18 
and 19, 1919. Four sets of readings were taken each da^, making a 
total of eight determinations of the difference in elevation for the 
two days. The probable error of the mean of the eight determina- 
tions was zh 0.89 millimeter. 

Mdqnetic ohservations. — In the continuation of the magnetic sur- 
vey 01 the United States observations were made during the year at 79 
stations in 22 States, of which 24 were new primar^r stations, 11 auxil- 
iary stations, 42 repeat stations for the determination of secular 
change, and 2 new stations in old localities. Meridian lines were 
established when they were requested bv the local authorities. 

The observatories at Cheltenham, Md., Vieques, P. R.; Tucson, 
Ariz. ; Sitka, Alaska ; and near Honolulu, Hawaii, were in operation 
throughout the year. A continuous photographic record was secured 
of the variations of declination, horizontal intensity, and vertical 
intensity. Absolute observations were made at least once a week. A 
seismograph was in continuous operation at each observatory. 
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CHAPTER IV. 

SHOWING CONDITIONS AND NEEDS OF HYDROGRAPHIC SURVEYS. 
WITH ILLUSTRATIONS—UNITED STATES AND POSSESSIONS, 

HTDROGRAPHIC SURVEYS. 

In the present and previous annual reports there are printed dia- 
^ams of the " Condition of field operations." These diagrams are 
intended to show in a graphic manner where our surveys are at pres- 
ent fldemiate, or where surveys are needed and of the type of survey 
requirea to make our charts up to date and thoroughly reliable for 
saie navigation. There have also been printed two special publica- 
tions, " The Neglected Waters of the Pacific Coast," and " Safeguard 
the Gateways of Alaska," which were written to call attention to the 
urgent need for surveys along these coasts. 

It is thought it would be helpful to a clearer idea of the Survey's 
problem in charting the waters of the United States and its posses- 
sions if, in addition to these publications, several of the areas where 
surveys are now in progress should be described and the reasons given 
for making the surveys. 

For purposes of description it is convenient to arrange our hydro- 
graphic surveys into five types. One of each type is described l)elow. 
1. Oriffifial surveys. — ^Areas hitherto unsurveyed or at best covered 
by surveys of an exploratory character. 

It is not necessary to go as far afield as Alaska or the Philippine 
Islands to find an area requiring an original survey. Such an area 
is to be found along the coast of Oregon, extending from Cape Blanco 
northward to near Cape Lookout. The accompanying illustration 
(see fig. 15 opposite p. 64), which is a reproduction of a section 
of one of the Oregon coast charts, shows plainly, by the almost entire 
absence of soundmgs in the water area, how little is known of the 
depth along this stretch of coast. It is in the same class with some 
oi the rarely visited portions of Arctic Alaska. But, unlike the lat- 
ter, these waters of unknown depth which intervene between San 
Francisco on the south and Portland and Seattle on the north are 
traversed by a fleet of vessels bearing a large fraction of the com- 
merce of the world. 

The Coast Pilot states that their navigation presents to the navi- 
gator a problem of unusual difficulty. The courses must be traversed 
daring frequent periods of thick weather, with the^ vessel subject to 
the action of currents whose velocity and even direction are uncertain. 
Under these conditions it is obvious that there is only one method of 
safe navigation : that is, by means of the lead. But this method can 
only be efficiently employed when the depths are adequately shown, 
a condition notably absent on existing charts. 

2. Of shore surveys are like inshore surveys in that the object of 
both is to furnish the navigator with information of the depth and 
configuration of the bottom by which he can lay a safe course and 

1278&— 20 5 ^ 
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verify his position from soundings. They differ with respect to the 
amount of information required. In shoal inshore waters, where the 
dangers approach the surf ace, the surveys are more elaborate, and 
many more soundings are taken than in deeper water offshore beyond 
such dangers. The surveying methods and apparatus also differ. 

For inshore surveys well-determined objects on shore, like spires, 
lighthouses, or specially built wooden structures are available for 
fixing the position of the surveying vessel while sounding. 

Offshore, beyond the visible" range of such objects, well-defined 
mountain peaks can be used on a mountainous coast like that of the 
Pacific. !But on a low coast, like that of the Atlantic and Gulf, 
where all land features have sunk below the horizon long before the 
outer limit of the offshore survey is reached, the location of the 
vessel and soundings must depena on carefully recorded speed and 
compass direction, with an allowance for currents and wind pressure. 
This method is termed by navigators " dead reckoning." In survey- 
ing practice the uncertainties which exist in the use of this method 
in ordinary navigation have been reduced by stopping at intervals to 
observe currents and wind pressure and by starting from and return- 
ing to well-fixed positions. 

The work now m progress in the vicinity of Cape Mendocino is an 
example of an offshore survey on the Pacific coast. Vessels approach- 
ing Cape Mendocino from the northward (see fi^. 16, opposite) 
must avoid Blunts Eeef , the dangerous area of rocks and shoals off 
the cape, and at the same time must pass within the sound of the 
fog signal on Blunts Reef Light Vessel, in order that from it they 
may shape their course for Point Arena, 97 miles beyond. In order 
to accomplish this, when about off the entrance of Humboldt Bay they 
feel their way into a depth of 30 fathoms and then follow the 30- 
fathom curve, which is almost a straight line, leading clear of all 
danger, but within easy hearing distance of the fog signal on the light 
vessel. 

The importance of having complete and detailed surveys now 
becomes obvious. In order that it may be possible for the mariner 
to utilize the method of verifying his position by sounding, the chart 
must show in detail the correct depths at every place where it is 
possible for soundings to be taken. By means of improved devices 
it is possible for vessels, without stopping, to soimd in any depth 
up to about 100 fathoms (600 feet). Therefore, the chart to be 
complete should show the depths of all waters out to and beyond the 
100-fathom curve. This the charts did not show when the surveys 
now in progress of this region were undertaken. 

The results already obtained are of unusual interest and afford a 
striking demonstration of the value of this class of surveys. This 
will appear bv referring to pages 13 and 14 of "The Neglected 
Waters of the iPacific Coast," where there will be found the episode of 
the wreck of the Bear. During the past season the uncharted sub- 
marine valley, which was a large factor in causing this wreck, was 
located, and being charted now becomes an aid to navigation rather 
than a menace. 

Offshore surveys in the Atlantic and Gulf coast will not develop 
the bold and striking features characteristic of the Pacific. In con- 
sequence of its more advanced geologic age the coast of the Atlantic 
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and the Gulf is bordered by a broad margin of shoal water. In the 
process of building up this submerged plateau the tendency has been 
to fill up the depressions and in general smooth out the inequalities 
of the bottom. A notable exception to this rule is the submerged 
valley of the Hudson, which can be plainly recognized on the charts 
extending seaward from near the harbor entrance. The less striking 
features are equally important, however, and serve as well to identify 
a particular locality in a water area. 

The offshore survey now in progress from Delaware Bay to New 
York Harbor is depended upon to effect a long-needed improvement 
of the charts. The depths now shown are from old surveys, when 
methods and appliances were far below modem standards. In con- 
sequence, the contour of the bottom is represented by scattered and 
unrelated irregularities instead of the systematic arrangement of 
slopes of a natural formation. The real characteristics of the area 
can not be recognized, and beyond the fact that they indicate there 
is sufficient depth for a vessel, the soundings afford no other assist- 
ance to the navigator in shaping his course. 

The fourth type is an inshore survey where changes have occurred 
since the last survey and to such an extent that the chart no longer 
represents existing conditions. 

Work now in progress from Port Royal Sound to Charleston, S. (1, 
is an example of this type. 

This stretch of coast is low and sandy and includes the two large 
unimproved entrances. Port Royal Sound and St. Helena Sound. In 
addition to these, a number of inlets and streams emptying into the 
open ocean increase the irregular and broken character of the shore 
line. Each entrance has its own complex system of sand shoals, com- 
mencing inside the general trend of the shore line and spreading 
out as they extend seaward. These shoals are subject to constant 
change, and the land areas abutting on the inlets are also subject 
to change by either accretion or erosion. Between the inlets, in front 
of the continuous shore line, the contour of the bottom in shoal water 
is simpler in arrangement and more stable in character. 

The sui^ey now in progress was planned on account of the magni- 
tude of the changes indicated by a recent topographical survey. The 
channels over the bars at St. Helena Sound and Port Royal Sound 
were surveyed as recently as 1914 and 1916, but the intervening 
water areas between them and to the northward as far as Charleston 
Harbor have not been examined since 1853-1863. The existence of 
two such fine harbors as Charleston and Savannah, one at either end 
of this stretch of coast, has hitherto had the effect of limiting its 
waterways to purely local use, with no urgent demand for new sur- 
veys. The increasing number of cruising motor boats now makes 
the collection of up-to-date information imperative. 

WIRE-DRAG SURVEYS. 

In the four preceding types of surveys the depths in shoal water 
are determined by the lead line cast at regular intervals from the 
surveying vessel. Along the sandy portions of our coasts surveys by 
this method may be sufficient. This is decidedly not the case, how- 
ever, in regions where there are obstructions oi small area, such as 
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pinnacle rocks, bowlders, and sharp rocky ledges, for it is only by 
chance that they can be round by an ordinary hydrographic survey. 
The Coast and Geodetic Survey has therefore developed the ap- 
paratus known as the wire drag, which has been described in previous 
reports. 

The work now in progress in Stephens Passage is an example of 
this type of survey. On this rugged coast pinnacle rocks occur in 
most unexpected localities. Alaska's waterways are her gateways 
and highways of commerce. Stephens Passage is a link in flie chain 
of waterways which form the mam steamer route in southeast Alaska. 
When its waters have been dragged the assurance can be given that 
all dangers have been found and charted for this route from the 
international boxmdary by way of Ketchikan, Wrangell, Juneau, to 
Skagway. 

In my report for 1919, under this heading, I endeavored to show in 
general terms the conditions of the surveys of the important areas 
along our coast and the work needed to be done to bring the charts 
up to date for the benefit and safety of water-borne commerce. 
These areas were thoroughly discussed, and in order that the im- 
portance of the surveys may again be brought to your attention much 
of the material is again used m this report. To facilitate reference 
to the text and to the locality diagrams were inserted showing the 
important steamer courses ; the courses being numbered to correspond 
to the paragraphs of descriptive matter. Using these sketches as 
base maps, I have endeavored to show the progress that has been 
made in the hydrographic and topographic work, using the same 
sequence in numbering the courses and descriptive matter pertaining 
thereto. As previously stated, a detailed analysis of the conditions 
and the progress of the work can not be given in this limited space, 
but I have shown on the base maps the areas covered during the 
past year, with supplementary notations to the original text. 

1. Ueep'draft^ along-shore course from the Canadian boundary to 
the outer limit of Isle au Haut Bay. — ^The entire area that this course 
covers is a region of ledges and bowlders. The ledges rise abruptly 
from the deep water and the bowlders ordinarily lie singly or in 
clusters on an otherwise flat bottom, so that the navigator can not 
depend on the lead to avoid them. The thoroughfares affording an 
exit to the Bay of Fundy from Passamaquoddy Bay and St. Croix 
River have been wire-dragged. Also an area 15 miles in length 
between Machias Seal Islands and Petit Manan Island. There is 
still remaining a large area as yet untouched by the wire drag. 
There are a number of towns along this course that depend on water- 
borne traffic for shipping out their produce and receiving their sup- 
plies. The commerce consists in lumber, fish, and fuel, and miscel- 
laneous merchandise, constituting the supply of the smaller and 
larger fashionable summer resorts, of which tne largest is Bar Har- 
bor, Me. The exceptionally rocky coast makes it certain that a wire- 
drag survev will result in the discovery of many rocks which now 
endanger tlie safety of commerce over this course. (See fig. 17, op- 
posite p. 68.) 

2. Frenchman Bay. — ^This body of water lies westward of Schoodic 
Peninsula and eastward of Mount Desert Island. It is the approach 
to the town and important summer resort of Bar Harbor, Winter 
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Harbor, South West Harbor, North East Harbor, and many small 
villages and naval coaling station on the north side of Eastern Bay. 
The Da^ is frequented by many passenger steamers, yachts, small 
craft, fishing vessels, ancl a few cargo vessels. This area has been 
dragged to a line extending westward from Schoodic Island whistle 
buoy, though not to depths now considered necessary. The value of 
the work is further impaired by the necessity of passing over not 
less than 14 miles of undragged, doubtful area, in order to reach the 
bay from the open sea. (See fig. 17, opposite p. 68.) 

*^. Mand thoroughfares from Mount Desert Island to Rockland, — 
There is a series of valuable inside passage along the Maine coast 
that are very narrow in places and wind between rocky ledges. 
Owing to the nature of the bottom they are in particular most 
liieJy to be obstructed by pinnacle rocks or the extension of narrow 
ridges out into the channel. The only part of these channels which 
has been dragged lies between Blue Hill Bay and the western en- 
trance of Penobscot Bay. The results obtained have been so startling 
that they clearly indicate dangers in the use of channels that have not 
been dragged. (See fig. 17^ opposite p. 68.) 

4. Penobscot kiver, — This river, emptying into the head of Penob- 
scot Bay, forms the approach to the towns of Bucltsport, Winterpoit, 
Hamden, and Brewer, and the city of Bangor, the latter two at the 
head of na\dgation, about 24 miles above Fort Point Lighthouse at 
the entrance. It has considerable trade in regular steamers draw- 
ing about 10 feet, and many vessels trading to Bangor draw as 
much as 18 feet. Practically the entire river above Bangor is used 
in lumbering. From the mouth of the river to Bangor there will 
be no positive certainty of the absence of all dangers to navigation 
until the area has been dragged. (See fig. 17, opposite p. 68.) 

5. Penobscot Bay, — In f enobscot Bay every port has benefited by 
the practical completeness of the wire-drag work. There are, how- 
ever, some of the less-important sections to l>e dragged, and some 
of the approaches from the e-astward are not yet compteted. The 
wire drag, as used by the Coast and (xeodetic Survey, was developed 
in this region, and some of the area was not dragged to the denth 
now believed necessary. The size of vessels has mcreased rapidly, 
and additional work is necessary to protect this increased draft. 
(See fig. 17. opposite j). 68.) As it has required time to solve 
aU the problems involved in dragging to this greater depth, it is 
probable that much of the deeper part of Penobscot Bay which was 
covered during the development of the wire-drag apparatus will later 
have to be dragged to a greater depth. 

6. Penobscot li ay to Casco Bay {deep draft). — The coast of New 
England throughout its length presents practically one uniform 
proolem to the hydrographic engineer. Surveys of varying degrees 
of completeness haveneen made of the entire area, and it is possible 
for navigators to select channels which are apparently safe. They 
would be of ample depth if it were not for the ice-worn granite rock 
or the large bowlders deposited during the glacial period. The lead 
line is not adapted to find without assistance dangers of this char- 
acter. This thoroughfare presents uneven and rocky bottom be- 
tween Monhegan Island and the eastern entrance to Cas(!o Bay, 
which should be dragged to remove all doubt of the existon^'e of 
pinnacle rocks or small ledges. (See fig. 17, opposite p. OS.) 
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7. Penobscot Bay to Casco Bay {moderate draft). — From the 
western entrance oi Penobscot Bay to Casco Bay there has been no 
wire-drag work done. The inside route is constantly used by coast- 
ing steamers, but it is certain that it has within its limits many 
uncharted rocks, some known locally and some unknown. (See fig. 
18, opposite p. 70.) 

8. Dooth Bay tiarbor. — This forms the approach to the town of 
Jiooth Bay Harbor and numerous smaller summer resorts. It is fre- 
quented by many vessels and bjr a large number of fishing boats and 
pleasure craft in summer. It is one of the best anchorages on the 
coast of Maine, and is much used as a harbor of refuge by all classes 
of vessels. This area is in urgent need of a wire-drag survey. (See 
fig. 18, opposite p. 70.) 

9. Kermehec River. — It is the approach to the cities of Bath and 
Augusta, the towns of Woolworth, Richmond, and Gardiner, and 
numerous smaller villages and summer resorts. The river has con- 
siderable water-borne commerce, the deepest draft being about 21 
feet to Bath and 14 feet to Augusta, There is urgent need for a wire- 
drag survey of this river. (See fig. 18, opposite p. ''^0.) 

10. Casco Bay. — Casco Bay and the approaches to I^ortland have 
been dragged with the result of finding numerous uncharted shoals, 
thereby furnishing important evidence of the need of carrying the 
survey to the eastward and westward to a junction with completed 
work. A resurvey of inner Casco Bay is badly needed, the glaciers 
having left a series of long narrow and dangerous ledges which re- 
quire closer examination. (See fig. 18, opposite p. 70.) 

11. Portland Harbor arid approaches. — ^These have been dragged, 
and all dangers to navigation are shown on the charts. (See fig. 18, 
opposite p. 70.) 

12. Portland to Portsmouth {moderate draft). — Westward of 
Portland the succession of sand beaches, of which Old Orchard is 
the best known, might appear to indicate an absence of rocks in this 
region. The depth of sand above the underlying rock is not great, 
however, and pinnacle rocks occur outside these beaches. There is 
a ^ap in the wire-drag surveys between Cape Porpoise and Cape 
Elizabeth which must be completed to make this portion safe. (See 
fig. 18, opposite p. 70.) 

13. Portland to Cape Ann {deep draft). — ^The region from Boon 
Island to Isle of Shoals is very rocky, and its importance as the ap- 
proach to Portsmouth is well recognized. The area has been covered 
bv the wire drag which now forms a continuously dragged area from 
Cape Porpoise to within 10 miles of Cape Ann. (See fig. 18, opposite 
p. 70.) 

14. Portsmouth Harbor. — This area has been dragged, and all 
dangers to navigation are known. (See fig. 18, opposite p. 70.) 

15. Massachusetts coast north of Cape Ann. — From the New 
Hampshire border to Cape Ann the shores are entirely different from 
those to the north or south. There are high sand bluffs in places and 
low sandy shores in others. As a result, the depths along the shore 
are changeable, and, though they have been recently surveyed, they 
will need further attention. (See fig. 18, opposite p. 70.) 

16. Cape Ann to Cape Cod Canal. — A completely dragged area ex- 
tends from Cape Ann to Cape Cod Canal and from the head of Buz- 
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zards Bay to Sakonnet Point, R. I. With the exception of the areas 
near the shores of Buzzards Bay, this important survey is complete. 
This work was made especially necessary by the opening of the Cape 
Cod Canal in 1915, the original surveys having been made while the 
commerce of the region was relatively unimportant. A number of 
shoals were found of less than the proposed canal depth. It was im- 
portant not only to find those shoals of less than the proposed canal 
depth, but also those which might become a menace at some future 
date in case it should be necessary to deepen this canal to take care 
of the largest vessls. With this view the drag was carried at a 
sufficient depth to meet such requirements. Even should a depth of 
40 ieet be adopted for the canal, the present surveys of the ap- 
proaches will be found adequate, and where less depths have been 
round the information will be invaluable to the engineers making 
the improvement. (See fig. 18, opposite p. 70.) 

17. From Boston south outside Vape Uod, — Much of the traffic be- 
tween eastern New England and points west and south passes outside 
of Cape Cod; most of it through Nantucket and Vineyard Sounds. 
Off Cape Cod the surveys are not complete. In Nantucket Sound the 
entire route is through channels bounded by shifting sand, and re- 
quires frequent revision work. In one part of the channel most used, 
tnrough Pollock Rip Slue, a shoal was formed in the last few years 
that has been steadily narrowing and decreasing the depth of the 
channel. A resurvey of parts of this route is needed every few years 
to insure safety to navigation. No rocks abound eastward of Cape 
Cod, but in the north half of Nantucket Soimd and the western part 
of vineyard Sound large bowlders occur and wire-drag work is 
needed. At present vessels must pass over 10 miles of undragged 
area in following the best channel through Vineyard Sound. (See 
fig. 19, opposite p. 70.) 

18. From Cape Cod Canndl through Buzzards Bay. — ^This route 
has been dragged out to the eastern limit of Long Island Sound. 
(See fiff. 19, opposite p. 70.) 

20. Entrance to Narragansett Bay^ Block Island Sound, Fishers . 
Island Sound, and eastern part of Long Island Sound, — ^These areas 
are practically completed, with the exception of the central and 
western parts of Long Island Sound, which remain to be dragged. 
(See fig. 19, opposite p. 70.) 

21. Grvlf of Maine, — ^The portion of the Gulf of Maine of which 
this Bureau makes surveys may be considered as lying to the west- 
ward of meridian 67^ 0' and extending to Nantucket Shoals. This 
entire area has been inadequately surveyed, as it was accomplished at 
an early date when both the appliances and the methods were far 
inferior to those of the present day. Not only are the soundings ob- 
tained insufficient, but many of them are not located correctly on the 
charts. A good example of this is the discovery several years ago that 
only one shoal rock exists on Cashes Ledge, where two were charted, 
and that Sigsbee and Ammen Rocks formerly shown 4 miles apart, 
are really the same rock. These defects in the charts are serious for 
two reasons : The trans- Atlantic steamers approaching the ports of 
northern New England, especially Portland and Boston, are unable 
to depend on the charts of the gulf sufficiently to locate themselves 
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accurately by sounding. This is particularly serious during the fog 
of summer, which often extends far out to sea and lasts for days, and 
during the winter snowstorms. In addition to this, the fisheries of 
the Gulf of Maine are an important national asset. Not only are 
many important fishing banks uncharted, but the limit and depths 
of Imown banks are not correctly given. Besides, there is not at 
present enough information available as to the character of the 
bottom. The knowledge of rocky bottom may lead to the discovery 
of good fishing grounds. (See fig. 20, opposite p. 72.) 

22. Nantucket S koala to Georges Banka. — ^Extending eastward 
from Nantucket Sound there is an immense shoal area, consisting of 
sandy ridges which are shifted by the waves and currents. Nan- 
tucket Shoals extend about 50 miles offshore; then there is a deep 
channel followed by ridges. It is readily seen that it is important 
to keep the channel surveyed and to examine the adjacent shoals 
to detect changes ; but it might readily be asked, What is the use of 
surveying sucli areas as Nantucket Shoals, wliich vessels are most 
careful to avoid? First, it is necessary to be certain that the outer 
limits of these shoals are clearly defined in order that they may be 
avoided; second, the shoals are important fishing grounds; third, 
more careful surveys may develop safe channels for coastwise-naviga- 
tion channels which are already indicated on the charts, but are 
unsafe to use because of inadequate surveys. Due to the constant 
changes the existing surveys are nowhere adequate. The shoals are 
so numerous and the channels so intricate that a difiicult problem 
is presented in their examination by accurate methods. The ground 
fishing, which has in recent years assumed large proportions, is 
steadily moving seaward. During the winter Nantucket Island is 
the headquarters of this industry. Not only do the present charts 
lack the needed information in the search tor new ground but the 
absence from the charts of existing shoals is a source of danger to 
the boats running to and from the harbor. Breakers often occur 
where there is ample depth for l>oats when the water is smooth. This 
is an excellent example of how a region usually avoided by comniercp 
may be of importance to an industry which furnishes part of the 
food supply of the Nation. (See fig. 20, opposite p. 72.) 

23. TranS'Atlantie approach to Jyetr) York, — There is scarcely any 
part of our coast where correct soundings are of more importance 
than in the approach to New York from the eastward, as all trans- 
Atlantic steamers bound to that port pass over this area. Many of 
them have to depend on soundings for safety. A fairly good survey 
of this area is available, but additional work should be done by mod- 
ern methods in the portion out of siffht of land so that the needs of 
the enormous traffic will be met. (See fig. 20, opposite p. 72.) 

24. From Point Judith to New York. — It is almost unnecessary to 
go into particulars, except to make it clear that the central and 
western parts of Long Island Sound remain to be dragged. This 
work will be undertaken at the earliest opportunity. At present 
^lew York Harbor has but one exit to the sea for deep-draft vessels — 
by way of the Lower Bay and through Ambrose Channel over Sandy 
Hook Bar. The other exit, through Long Island Sound and Block 
Island Sound, is obstructed by ledges at Hell (late, in the East 
Kiver. The project to remove these and secure a depth of 40 feet 
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is now in progress. Before it is completed, channels of this depth 

in the Sound should be examined with the drag to make certain 

they are safe. This would also apply to Fort Pond and approaches, 

if the proposed trans- Atlantic terminal is located at that place. The 

project to deepen ii.ast River to 40 feet makes it necessary to l)e 

certain where the channels with such depths are located in Long 

Island Sound. The work done in Block Island Sound has defined 

the hmit of such depths in the eastern approach to JLong Island 

Sound, and it is urgent that the entire area should be completed 

without delay. The approaches to all the harbors on Long Island 

Sound should be dragged. The shoaler bays are used extensively 

by motor boats, and the number in operation for a given area is 

probably greater than anywhere else in the United States. (See fig. 

21, opposite p. 72.) 

25. Hudson River, — The Hudson River is a valuable waterway 
between New York and Albany and is a part of the canal system of 
the State. A few years ago a dangerous rock was found directly 
in the path of steamers between iNew York and Albany. With such 
a possibility all the doubtful part of the Hudson should be dragged. 
(See fiiff. 21^pposite p. 72.) 

26. NeiG York Ilaroor, — New York Harbor has had a recent sur- 
vey, but as it is an area subject to change it will require a surve3\ at 
least in part, every few years. (See fig. 21, opposite p. 72.) 

27. Coast of New Jersey, — Along the most of tne coast of New 
Jersey the character of the bottom is such that the exact existing 
depths should be ascertained beyond all doubt, particularly as shoals 
dangerous to coastwise traffic have been reported from time to time. 
The onJy reliable surveys along this stretch of coast have been made 
in connection with searches for these reported shoals. Eastward of 
Cape May there are shoals that need a resurvey. Surveys from Cape 
Henlopen to New York are now in progress. This survey will ex- 
tend out to the 100-fathom curve. (See fig. 21, opposite p. 72.) 

28. Delaware Bay. — DelaAvare Bay has as its most marked char- 
acteristic a series of narrow, fairly deep channels separated by long, 
narrow shoals. These shoals are subject to change. A survey is 
needed now, and one should be made about every 10 years in the 
entrance and at longer intervals in the upper bay. While dredged 
channels are maintained for most of the distance from the entrance 
of the bay to Philadelphia, vessels of moderate draft use the other 
channels. In view of the importance of the cities at the head of the 
bay and on the river, it is highly important that the needed survey 
of Delaware Bay be made so that a chart of the proper standard 
may be issued. (See fig. 22, opposite p. 74.) 

29. Delaware Bay entrance to Chesapeake Bay. — From Delaware 
Bay entrance to Chesapeake Bay there is a succession of shoals and 
banks. Many of these are buoyed so that moderate-draft vessels may 
pass inside of them. In certain regions it is of the highest im- 
portance that the survey should be correct and kept up to date. 
At only one place has a comprehensive survey been made, and this 
was the investigation of a reported shoal. The work of surveying 
this area was taken up in July, 1919, and carried on until the winter 
gales made it impracticable to continue work on the open coast. (vSee 
fig. 22, opposite p. 74.) 
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30. CheaapeaJce Bay and tributaries. — ^These have been extensively 
surveyed in recent years, and a large number of tributaries will not 
rejjuire resurveys for many years, xhis is also true of the Potomac 
Biver. The parts which need resurveying are parts of the bay from 
Cape Charles to a point opposite Annapolis, parts of the James 
River, and the Rappahannock and Susquehanna Rivers. The 
entrance has been recently survej^ed, but another survey will prob- 
ably be needed in 10 years. Owing to the shifting sandy bottom, 
the bay is greatly in need of examination at critical localities where 
depths are near the draft of vessels; frequent reports indicating 
presence of new shoals.. (See fig. 22, opposite p. 74.) 

31. Chesapeake Bay entrance to Cape Hatteras. — ^The diagi-am 
shows the tracks for both the light-draft and deep-draft vessels. 
While a resurvey is desired, the most pressing need is that the present 
limit of shoal areas be accurately determined. (See fig. 22, opposite 
p. 74.) 

32. Albemarle Sound. — Albemarle Sound and its tributaries, with 
a few exceptions, have been resurveyed within the last few years and 
will not require resurveying for a long time. The uncompleted 
portions, including the Nortn and Alligator Rivers, should be fin- 
ished in the near future, as they form part of the project for a 
through 10- foot channel of the inside waterway route. The Chowan 
River, which is the western extension of this sound, should also be 
finished, and then the surveys of this region would be in a most 
satisfactory, up-to-date condition. (See fig. 22, opposite p. 74.) 

33. Croatan Sound. — Croatan Sound, the connecting link between 
Albermarle and Pamlico Sounds, has recently been resurveyed, but 
the depth is so near to the draft of vessels using it that the surveys 
will have to be revised from time to time. Changes in the main 
channel have occurred within the last two years. (See fig. 22, oppo- 
site p. 74.) 

34. Pamlico Sound. — Pamlico Sound has additional importance 
owing to its relation to the inland waterway route. The eastern 
half of the sound is well surveyed, but the entire western half and 
the Neuse River, which, in addition to its local use as part of the 
through 10-foot channel, have not been completed; the survey is 
now in progress. (See fig. 22, opposite p. 74.) 

35. Diamond Shoals. — Diamond Shoals off Hatteras should be 
resurveyed chiefly to determine changes in their extent, and par- 
ticularly to obtain a knowledge of the correct depths on the seaward 
side. (See fig. 22, opposite p. 74.) 

36. Cape Hatteras to Wtnyah Bay^ S. C. — Nearly the whole of 
this area is in need of a new survey, as those now charted are not 
in sufficient detail for modern navigation. Next to Diamond Shoals 
in importance to coastwise navigation are the shoals extending sea- 
ward from Cape Lookout and Cape Fear. They are subject to change 
and should be examined at short intervals. (See fig. 23, opposite 
P-74.) 

37. Minyah Bay to Femandina^ Fla. — ^This region has been re- 
cently surveyed, the work extending out to 100- fathom curve. (See 
fig. 23, opposite p. 74.) 

38. Femandina to the Florida Reefs. — From Femandina to the 
Florida Reefs the area of moderate depths continually narrows. 
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until at Palm Beach the distance to the 100-fathom curve is venr 

small. The completed survev referred to in paragraph 37 extends 

southward to a little below St. Augustine. South of St. Augustine, 

the bottom is probably not subject to change except as noted below, 

and the surveys, while by no means complete, are fair. Off Cape 

Canaveral and outside the southern half of the Indian River there 

are extensive banks and ridges in urgent need of resurvey. Known 

depths of 11 to 16 feet a long way oifshore show the need of further 

surveys to make certain that all the shoals are correctly charted. 

From Jupiter Inlet to Fowey Rocks, where the Florida Reefs begin, 

the deep water approaches so close to the shore that it will be a 

slight task to complete inshore work in connection with the offshore 

surveys. (See fig. 24, opposite p. 76.) 

39. General^ Atlantic and Ghdf Coasts. — An explanation of the 
method used in verifying the location of a vessel by sounding when 
objects on shore are obscured by distance or thick weather will show 
why accurate charts are particularly needed from New York to 
Pahn Beach and from Key West to the Mexican Border. At fixed 
intervals the vessel takes soundings, which are plotted to the scale 
of the chart on tracing paper, and this is moved over the chart, 
keeping the line joining tne soundings parallel to the course of the 
vessel until the soundings agree with those shown on the chart. If 
the charts are correct and based on a sufficiently modem survey, 
the method is one of the best known for verifying the ship's posi- 
tion. If, on the other hand, the soundings are few and far apart 
so that the ship's soundings fall between them, and if those on the 
chart are wrongly placed, this method becomes much more difficult 
and an accidental agreement may lead the vessel into danger. 

From New York to Cape H^tteras while the charts are fairly good, 
they are by no means good enough to meet the full needs of navi- 
gation, but the work required to bring them up to date has been post- 
poned, as the need for resurvey s hasoeen more urgent farther south. 
Up to a few years ago the offshore surveys from Cape Hatteras to the 
Florida Reefs were almost unbelievably deficient. This condition is 
being remedied as rapidly as possible, and between Winyah Bay, 
S. C., and St. Augustine^ Fla., the offshore work out to the Gulf 
Stream is complete. It is important that this work be extended both 
north and south from its present limit as rapidly as possible. With 
adequate funds full advantage can be taken of the seasons and by 
working north in the summer and south in the winter the cost of the 
work will be greatly reduced. (See fig. 24, opposite p. 76.) 

40. Indian River. — ^There have been no recent surveys of these 
waters. Revisionary work is needed. (See fig. 24, opposite p. 76.) 

41. Biscayne Bay. — ^Recent surveys have been made of this area 
out to the 100-fathom curve, in the vicinity of Miami and as far 
south as Fowey Rocks. (See fig. 24, opposite p. 76.) 

42. Vicinity of Fowey Rocks Light. — No recent surveys have been 
made. Inshore and onshore work is in progress eastward from 
Key West, which includes this area. The present surveys are not 
sufficient in detail. (See fig. 24, opposite p. 76.) 

43. Coa^t of yorida froTn Palm Beach around to Cedar Keys. — 
For a distance along the shore of 567 miles from Palm Beach south- 
ward around to Cedar Keys on the west coast of Florida, coral reefs 
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are found, in some places more abundant than in others. Coral reef s^ 
whether the result of disintegration, or of a building up by animal 
growth, are found in a great variety of forms and in vast numbers of 
sharp projections from the general bottom, where conditions are 
favorable for the growth of coral. While we are infonned that an 
enormous number of uncharted rocks exist in this region, due to. the 
fact that they are so numerous and that the region is so large, an effort 
has been made to first drag areas of the coast used by commercial 
and naval vessels, because of both the time and cost involved. Wire- 
drag work is accordingly undertaken in localities where there are 
commerce and naval operations. To accomplish even this will re- 
quire years of work. Westward-bound vessels through the Florida 
Straits have to force their way against the strong current of the 
Gulf Stream, which in places attains a velocity of 5 miles per hour. 
Along the northerly edge of the stream and close to the reefs the cur- 
rent is very weak. There is a strong temptation to ke>ep dangerously 
close to the reefs and save fuel, and this is the cause of frequent acci- 
dents. Besides the danger of running into the known i-eefs, which 
are in many places bare and are of no great depth throughout their 
length, another danger, the extent of which is not yet known, has been 
discovered in a secondary reef, parallel to the main reef, and about 
one-half mile outside of it. This secondary reef is found to approach 
the surface in places as a narrow ridge witli depths as little as 25 feet. 
Twenty-five miles of this reef has been examined, but 200 miles 
remain to be examined. It is important to nearly all the great traffic 
entering the Gulf of Mexico that this examination be completed at 
the earliest possible moment. During the past year a vessel nas been 
continuously employed on the surveys of the Florida Reefs between 
the Marquesas Keys and Fowey Rocks; this includes supplementary 
survey^ of the channels through the reefs from deep water into the 
inside route lying between the reefs and the mainland ; also the close 
development of the shoal area westward of Key West and southward 
of the Marquesas Keys. In connection with this the work has been 
carried out to the 100- fathom curve for a distance of 27 miles along 
the reefs. (See fig. 24, opposite p. 7G.) 

44. Vessel coiirses north from Key West. — Vessels bound for east- 
ern gulf ports naturally wish to take the shortest route. If of light 
draft they can cross the Florida Reefs at Key West. The next chan- 
nel is between Rebecca Shoal and Dry Tortuoras, and if this is not 
used vessels must pass well to the Avestward of Dry Tortugas to avoid 
a shoal bank west of it. The Rebecca Shoal channel has been dragged 
and has ample depth of water. The bank west of Tortugas should 
be dragged, especially as vessels making land from the westward 
have to cross part of it. Northward of the keys from Key West to 
Tortugas a doubtful area should he diagffed. The necessity of this 
is emphasized by the fact that the U. S. S. Ellh^ while steaming 
northward of the Marquesas Keys recently, struck a coral head which 
proved to have only 7 feet over it. This coral head was directly out 
of a depth of 35 feet, with no indication of its existence until struck 
by the naval vessel, which was severely damaged. The channel be- 
tween the keys and the reef knoAvn as the Hawk Channel is impor- 
tant for moderate-draft vessels. It will be necessary to drag the axis 
of the channel to insure against dangers to the vessels making use 
of it. 
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45. Cape Romano, — This area is in need of surveys. An inspec- 
tion of the existing maps and charts of the State of Florida snow 
practically a blank area for that part of the peninsula south of Lake 
Okechobe. There are but few areas of the United States of like size 
about which so little definite information can be obtained. North- 
ward of this unknown region drainage canals are opening up the 
country for djevelopment. It is not unlikely the same means will be 
extended southward. At the present time this Bureau should pre- 
pare to meet a demand in the near future for the delineation of a 
broader belt of country back of the shore from Cape Sable to Punta 
Hosa than is now shown on our charts. Tourists and land prospec- 
tors are now exploring this intricate system of island and waterways. 
(See fig. 24, opposite p. 76.) 

46. Charlotte Harbor. — No recent surveys have been made of this 
ar6a and it should be resurveyed. (See fig. 24, opposite p. 76.) 

47. Tampa Bay and approach, — The existing surveys at present 
meet the needs of navigation of these waters. (See fig. 24, opposite 
p. 76.) 

48. Cedar Key8. — No recent surveys have been made of this region. 
Wire-drag surveys are badly needed. (See fig. 24. opposite p. 76.) 

49. Apalachee Bay. — No recent surveys have been made of this 
region and revision work is needed. (See fig. 25, opposite p. 76.) 

50. Inshore waters^ Gvlf coast, — The chief characteristics of the 
west coast of Florida are the distances to which shoal water extends 
offshore between Cape Sable and Cape Romano and from Tampa Bay 
to Apalachicola and the existence of a large number of bays con- 
nected with the sea by deep channels, either natural or dredged. 
From Apalachee Bay to Cape San Bias the coast begins to assume a 
character more like the South Atlantic coast, and coral bottom is no 
longer found. This stretch of coast is sandy and sand shoals extend 
oflP some distance, especially in the vicinity of Cape San Bias. This 
rejgion needs a resurvev and, like other sandy portions of the coast, 
will need resurveying from time to time. The Florida and Alabama 
coasts differ somewhat, as deep water approaches close to the shore 
in the latter. The coast of Mississippi and Louisiana has a very large 
proportion of changeable area, and resurveys are needed now and 
^11 be needed from time to time in the area from Mobile Bay to the 
end of the offshore shoals of Vermilion Bay. The immense load of 
sediment carried by the Mississippi River, especially in time of flood, 
causes constant changes in the delta. The deposit of sediment and 
the action of the waves on the deposits result in rapid growth in some 
places and of erosion in others. Sixty miles west of the Mississippi 
L>elta there begins an extensive shoal region which is in need of sur- 
vey. The inshore region along the rest of the Louisiana coast and 
the Texas coast, with an important exception, has deep water fairly 
close to the shore. The exception is along the eastern part of the 
Texas coast from Sabine Pass to Galveston. Sabine Bank and Heald 
Bank have shoal depths at a considerable distance from the shore 
and they should have a thorough resurvey. Galvestion Bay also 
needs resurveying. (See fig. 25, opposite p. 76.) 

61. St, Josephs Bay. — No recent surveys have been made of this 
Area and a reexamination is needed. (See fig. 25, opposite p. 76.) 



Digitized by 



Google 



78 REPORT OF DIRECTOR, COAST AND GEODETIC SURVEY. 

52. Offshore waters^ Florida reefs to the Mexican border. Along 
the northern edge of the Florida Straits the soundings are insufficient, 
and they will have to be carried out somewhat beyond the 100-f athom 
curve. Along the west coast of Florida the distance out to the 
100-fathom curve is about 100 miles. Over much of this area the 
depths are moderate and the charts are based on reconnoissance sur- 
veys only. The bottom is coral rock in many places, and projections 
from coral banks may come sufficiently near the surface to be a 
menace to navigation. Fishermen have reported several uncharted 
ridges, and whue th« somewhat incomplete surveys of the reported 
localities have not confirmed all the details of their reports, important 
differences from the charted depths have been found. The 100- 
fathom curve approaches fairlj^ close to the Mississippi Delta, then 
swings offshore a^ain, so that it is about 60 miles south of Sabine 
Pass. It then swings to the southward in a curve, which bringg* it 
within about 80 miles offshore at the Mexican border. This whole 
offshore area is badly in need of a thorough resurvey. There is no 
other part of the work in offshore water so likely to be productive in 
furnishing important changes in existing charted depths. (See fig. 
26, opposite p. 78.) 

63. rensacola Bay. — Surveys have recently been completed in the 
entrance to the bay; the entire bay requires reexamination. (See 
fig. 25, opposite p. 76.) 

54. Mobile Bay, — A resurvey of this bay has been completed. 
(See fig. 25, opposite p. 76.) 

55. Mississippi Sound, — A resurvey of this sound has been com- 
pleted., (See fig. 25, opposite p. 76.) 

66. LaJce Ponchartraia, — In connection with the surveys in Mobile 
Bay and Mississippi Sound, a recent survey has been made at the 
eastern end of the lake. The greater part of the lake has not been 
examined for 20 years. (Se« fig. 25, opposite p. 76.) 

67. Approaches to Mississippi Fames, — Resurveys of a large area 
have been completed recently; further work is required. It is ex- 
pected that the work now progressing westward from the entrance 
to Mobile Bay will reach the southwest pass in the next fiscal year. 
(See fig. 25, opposite p. 76.) 

68. Vermilion Bay and Cote Blanche. — No recent surveys have 
been made of these areas. Sur\'eys are needed. (See fig. 26, opposite 
p. 78.) 

59. Approach to Sabine Pass, — No recent surveys have been made 
here; re visionary surveys are needed. (See fig. 26, opposite p. 78.) 

60. The surveys of Porto Rico were begun when the island came 
under the jurisdiction of the United States as a result of the Spanish- 
American War. By 1910 the surveys of the bays, channels, and in- 
shore waters were completed and a number of deep sea soundings 
were taken around the island. There are, however, extending to the 
eastward and westward of the island and along the south coast ex- 
tensive areas where the bottom is of coral formation. There are also 
reefs along the north coast, but as they are close to shore, and must 
be avoided by vessels, it is only important to know their location and 
limits. The areas on the east, south, and west are different in that 
there is traffic between the reef and over areas where the depth is little 
greater than the draft of the vessel, and the probable existence of 
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unchartered projections is a source of danger. Vieques Sound be- 
tween Culebra and Vieques Island east of Forto Kico, Virgin Pas- 
sage, and the approaches to the harbors of the American Virgin 
Islands are in need of wire-drag surveys. The only work of this 
character that has been accomplished here is in the vicinity of Maya- 
guez. This work resulted in the abandonment of one channel and the 
rebuoying of another. (See fig. 27, opposite p. 78.) 

61. Virgin Islands. — The Virgin Islands were purchased from 
Denmark, and the United States took possession in 1917. The sur- 
veys that have been made are by the British and Danish Govern- 
ments. At the present time the available hydrographic data regard- 
ing these surveys are being examined with a view of determining 
whether thejr are suiBcient for the needs of our naval and commercial 
vessels. It is certain that the coral formation in the waters touching 
these isliinds requires extensive wire-drag surveys before accurate 
charts can be issued. Topographic surveys of these islands were 
requested by the Navy Department. The triangulation was extended 
eastward from Porto Rico for control of the topography. St. 
Thomas and St. John have been completed and about 60 per cent of 
St. Croix completed to date. (See fig. 27, opposite p. 76, and fig. 14, 
opposite p. 162.) 

62. Panama Uanal, — The Atlantic approach to' the Panama Canal 
Aas been surveyed since work started on the canal construction. 
Limon Bay is, however, a region where pinnacle rocks occur. All 
the anchorages should be dragged, and the work should be carried 
a short distance outside. The Pacific approach to the canal has had 
a recent survey and has been dragged. (See fig. 28, opposite p. 78.) 

63. Pacific coast of the United States. — The western coast of the 
United States is very different from the eastern. Generally moun- 
tainous, with comparatively few harbors or inside waterways, and 
with comparatively deep water close to the shore, it presents little 
resemblance to the low shores and wide continental shelf of the At- 
lantic. The purpose of the survey is, then, to meet the needs of ves- 
sels approaching from seaward and coasting vessels which keep to a 
few comparatively narrow tracks, to insure up-to-date charts of the 
various harbors, to make soundings offshore, and to develop fishing 
banks that are known to exist. The weather is an important factor 
in increasing the importance of the charts of this coast. From Los 
Angeles Harbor northward fog is very common in the summer time, 
and in the winter gales accompanied by thick weather are of fre- 
quent occurrence. On the coast and in the vicinity of San Fran- 
cisco thick weather is prevalent for perhaps 25 per cent of the time. 
Under such conditions the navigator must rely entirely upon his 
chart, and it is essential that detail surveys be made to the 100-f athom 
curve, which is beyond the limit of soundings taken by merchant 
vessels. Along the shore of southern California much work was done 
up to 1895, and some of the surveys then made may be accepted as 
final. In the vicinity of the outer islands surveys extended only a 
little way from the shore, and the deep waters between and outside 
of them are unsurveyed. The few soundings taken show irregular 
bottom, and breakers have been reported in places where the chart 
shows 600 fathoms. These waters, therefore, should be surveyed out 
to the 1,000-f athom depth. The Oregon coast is practically unsur- 
veyed. 
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A limited amount of. work was done years ago south of Cape 
Blanco and in the vicinity of the Columbia River, but this was not 
more than a reconnoissancc and does not extend out far enough to 
be of practical value to navigators. Elsewhere no surveys have ever 
been undertaken until recently. Even in such an important locality 
as Cape Blanco, which must l>e rounded by all vessels plying betwex^n 
the Columbia River and San Francisc*o, there are no soundings to 
serve as a guide in thick weather, and vessels have been lost wholly 
on account of this lack of surveys. On the coast of Oregon there 
are eight important harbors on which the Government and private 
interests have expended approximately $40,250,000 in improvements 
designed to facilitate navigation. One of these is the Columbia 
River, the gateway to one of the most important transportation cen- 
ters of the Pacific coast. Yet, in spite or the immense expenditures 
for improvements, there is not a single one of these harbors the ap- 
proaches to which have been adequately surveyed. The approaches 
to the Columbia River have been sounded for a short distance off- 
shore, but even in this area the soundings are too far apart to more 
than indicate, in a general way, the depth which may be expected. 
This partial survey extends southward along the coast to include 
the approaches to two other harbors. The approaches to the remain- 
ing five, on which $3,826,000 hav^ been expended in improvement, 
are entirely imsurveyed. The entire Washington coast stands in 
urgent need of a first survey, except in the approach to the Straits 
of Juan de Fuca and in the straits themselves, where the present 
work is adequate. (See figs. 29 and 31, opposite pp. 78 and 80.) 

64. Los Angeles Ilarhor, — Los Angeles Harbor should 1)€ 
dragged. Instructions are now prepared for revision surveys of 
the inner and outer harbor. (Sec fig. 29, opposite p. 78.) 

65. San Francisco Bay. — San Francisco Bay is oi varied character 
of bottom and needed surveys vary to correspond. The inmiediate 
approaches are complete except in the vicinity of the Farallones. 
Here additional sounding is needed, and an investigation should be 
made with the wire drag to verify the existence of other rocks than 
those charted. The bar outside the Golden Gate needs a resur\ey. 
Wire-drag work has been carried through the Golden Gate and in- 
side, both northward and southward of San Francisco to the limit 
of the Tocky area. Surveys in the southern part of the bay, wh^re 
the bottom is subject to change by currents, is now in progress. (See 
fig. 30, opposite p. 78.) 

66. Alona shore waters of the Padf/i Coast States, — From the 
western end of the Santa Barbara Channel to Monterey liay the sur- 
veys, as a rule, extend only to the 50-fathom curve, which lies but 
a short distance offshore. These surveys should be extended sea- 
ward to include the usual track of coastwise vessels, which lies an 
average distance of about 10 miles from shore. From San Francisco 
Bay to Point Arena a widely spaced system of sounding lines has 
been carried out to the 100- fathom curve. Here an additional amount 
of work, about equal to that already accomplished, is necessary 
before the survey can be considered complete, between Point Arena 
and Cape Mendocino, the surveys extend a uniform distance of 6 
miles from shore, reaching depths varying from 50 to 600 fathoms. 
Additional detailed surveys should be maSe in the vicinity of each 
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cape, and between them the work should be carried seaward to be- 
yond the steamer track. Two vessels have been engaged during the 
past year in offshore surveys in the vicinity of Cape Mendocino, with 
the intention of extending the surveys both north and south of this 
cape. The necessity for such surveys is shown b}^ the location of 
the hitherto uncharted submarine valley north of Cape Mendocino, 
which was a factor in causing the wreck of the steamer Bear, 

From Cape Mendocino northward to the Oregon boundary the 
limited surveys existing made many years ago are entirely in- 
adequate. A complete survey should be made at the earliest possible 
date. There are no adequate surveys of the inshore area along the 
State of Oregon. At present a party with a chartered launch is mak- 
ing a survey of the Umpqua Kiver bar, requested throurfi the Navy 
Department. Of the water off the northern part of the I^acific coast 
little is known, except that the Bureau of Fisheries, acting on the in- 
formation obtained irom fishermen, has located certain banks. These 
banks should be surveyed to determine their depth and extent, and it 
is believed that a general survey carried out to the 1,000-fathom 
curve will result in the discovery of other banks of great value. (See 
fig. 30, opposite p. 78.) 

67. Interior boaters of the State of Washinaton. — The interior 
witers of the State of Washington represent the point of change 
from a practically straight coast line to the broken formation of the 
coast or British Columbia and southeastern Alaska. There are 
many channels of importance leading to Seattle, Tacoma, Everett, 
Bellingham, and Olympia. and connecting with the inside passage 
to southeastern Alaska. All these waters should be dragged were- 
ever there is the slightest doubt as to the presence of dangers to navi- 
gation. (See fig. 32, opposite p. 80.) 

67a. Alaska^ general. — An important difference between Alaska 
waters and those of the continental United States is that scarcely 
enough work has been done to let us know just how much must be 
done to complete the charts. The development of the country has far 
outstripped the progress of surveys, not only because of the few 
vessels and parties engaged in the work, but because of the great 
length of coast over which the various activities are scattered and the 
intricate system of channels for so much of its extent. In order to 
appreciate the need of rapidly extending the surveys of these waters, 
it should be clearly -understood that Alaska's onlv connection with 
the rest of the world is by the water routes. The amount of the 
natural resources of Alaska ripe for exploitation has been great and 
the prize they offered so tempting that transportation could not wait 
for the Government to make the way to them secure. It has gone 
ahead finding its own path to new fields, suffering great losses in so 
doing, but content to suffer them because the returns were so im- 
mensely greater. (See fig. 33, opposite p. 80.) 

68. Steamer routes^ southeastern Alaska, — ^In southeastern Alaska 
the first and most obvious need is to complete the wire-drag work. 
Most of these waters have been sounded, so that only dragging is 
necessary to complete the survey. This drag work should be taken 
up in the order of its importance, beginning with the main steamer 
route through the region and then taking up the various tributary 
waters leading to areas of commercial importance. For some years 
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past two parties have been actively engaged in dragging the main 
steamer routes, and this work is now about 60 per cent complete. One 
of these parties is now at work in Stephens I^assage northward from 
Frederick Soimd. (See fig. 33, opposite p. 80.) 

69. The outside coast waters of the islands bordering on tlie open 
Pacific.-^These and their connecting channels are largely unsur- 
vej^ed and should be navigated with great caution. A navigator 
seeing the chart on which the shore line is sketched, no soundings, 
several rocks and shoal banks, notes as to rocks and breakers re- 
ported, and a statement on the chart to the effect that the area is 
unsurveyed, is, to say the least, unable to proceed with confidence; 
and this situation is by no means unusual. The same pressing need 
of such regions is a complete hydrographic survey followed later 
in places by wire-draj? work. The rapidly increasing commercial 
importance of this region and the exceptionally dangerous character 
of the waters through which traffic must pass render surveys in the 
near future imperative. Work on the outer coast is now in progress 
northward from Dixon Entrance. Survevs were also in progress 
in Clarence Strait and Dixon Entrance, (^ee fig. 33, opposite p. 80.) 

70. Cross Sound to Prince William Sound. — From Cross Sound, 
the northernmost channel from the inside waters to the sea, to Prince 
William Sound the coast has few features of present or prospective 
importance. There is, however, urgent need for surveys to insure 
the safety of vessels approaching and passing this coast. In this 
region the charts are very defective jn the manner of showing sound- 
ings and prominent coastal mountain peaks and headlands that 
would enable the navigator to obtain his position on approaching 
from seaward. The only important break on this coast, Yukutat 
Bay, has some canneries, and additional surveys are needed here on 
this account. (See fig. 34, opposite p. 82.) 

71. Prince William Sound to Unimak Pass. — A very important 
section of the Alaska coast extends from the waters of Prince William 
Sound westward to Unimak Pass. Not only are the industries of 
present importance, but there are extensive mineral resources largely 
undeveloped through lack of cheaper transportation. The point to 
be emphasized is that this is not an old, settled country, with its 
needs in the matter of transportation fixed, but it is still capable 
of great future development, and in considering the needed* surveys 
its future must be taken into account. The approaches to Prince 
William Sound have been surveyed, and no resurveys for the present 
are needed except in the vicinity of Cape St. Elias and Middleton 
Island. Wire-drag work will be needea in both of these localities, 
as reefs and pinnacle rocks exist. Prince William Sound needs addi- 
tional soundings over most of its area, and many of its branches 
need original surveys. Cordova is the terminus of the Copper 
Biver & Northwestern Railway which ^ves access to the important 
copper mines on the Copper River. The approaches to Cordova 
have been surveyed, except for wire-drag surveys needed to insure 
complete safety. Seward, on Resurrection Bay, is the terminus of 
the Alaska Railroad now being built by the Government. The sur- 
veys of its approach are completed except for wire-drag work. It 
is probable that much of the trade originating along the line of the 
Government railway will be transshipped at Anchorage, at the head 
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of Cook Inlet. Not only will this make it necessary for many vessels 
to navigate these waters, but there are now very large salmon can- 
neries all along its shores, as well as considerable mining. The pres- 
ent surveys are inadequate, and wira-drag work is needed over much 
of its area. Kodiak Island, with a number of canneries and with 
some cattle grazing, is largely unsurveyed. From Kodiak Island 
westward to Unimak Pass surveys are now in progress ; only a com- 
paratively small part has been surveyed at present. While the 
amount of present traffic is small it is sufficient to need protection. 
At present the Coast Guard vessels and the freight and passenger 
vessels run grave risks in using the protected natural channel leadmg 
along the coast inside the island. This is a particularly bad stretch 
of coast, with many reefs and islands. Only in the vicinity of the 
Shumagin Islands and from Unimak Pass to Unalaska Island have 
surveys been made, and they are inadequate. It is not now practi- 
cable to drag the entire area, but it is important that the immediate 
needs of navigation, even though of limited amount, be met by 
dragging a selected channel to insure the safety of vessels from 
Shelikof Strait to Unimak Pass. Unimak Pass is the almost uni- 
versally used channel into Bering Sea. It has been surveyed, but it 
is probable that part of it should be dragged or at least further 
soundings be taken. (See fig. 34. opposite p. 82.) 

72. Aleutian Islands, — The Aleutian Islands have comparatively 
little traffic and are without survey. It is necessary that this region be 
patrolled by Coast Guard vessels. The loss of one of the vessels of 
this service a few years ago was wholly due to the lack of adequate 
surveys. (See fig. 34. opposite p. 82.) 

73. Bristol Bay. — A large part of the salmon shipped from Alaska 
comes from Bristol Bay. This is without surveys except in Nushagak 
Bay and Kuskokwim Bay and Kiver. Both of these have recent 
surveys, but, as the bottom is subject to change on account of the 
large rivers, future additional surveys will be needed. As an ex- 
ample of what surveys mean in a new region, the dis rovery of an 
entrance to the Kuskokwim River suitable for moderate-draft ves- 
sels opened up an immense area for grazing and also in places for 
general agriculture. (See fig. 34, opposite p. 82.) 

74. Norton Sound. — The importance of Norton Sound is due to the 
gold mining on its northern shores and as being the outlet of the 
Yukon delta on the southern shore. In all of Norton Sound addi- 
tional surveys are needed. It is curious that in this sound, which ac- 
cording to all available information is of quite level, sandy, or muddy 
bottom, Besboro Island rises very abruptly to a height of 1,012 feet. 
With such an occurrence it is not absoluteb^ certain that no pinnacle 
rocks exist. (See fig. 34, opposite p. 82.) 

75. Bering Sea and Arctic Ocean. — Except in the vicinity of 
Pribilof Islands, there are no other existing surveys in Bering Sea or 
to the north which can be considered of value. (See fig. 34, opposite 
p. 82.) 

76. Guam. — ^The present chart of the island of Guam is compiled 
from Spanish and British charts and some harbor surveys by the 
United States Navy. No attempt at a comprehensive survey has 
been made. A complete survey should be made, not only including 
the harbors, but the surrounding waters, carrying the work out to a 
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depth that will be certain to include all dangers. In these waters 
shoals rise abruptly from gi-eat depths, and the absence of soundings 
on the charts does not imply safety, but simply absence of surveys. 

77. Hawaiian l8land8,--^heTe are only two good harbors on all 
the Hawaiian Islands, and both of these are on Oahu Island. All 
of the islands except Hawaii have coral reefs around at least part of 
them. In the vicinity of Oahu, Maui, Kahoolawe, and the south coast 
of Molokai the survej^s are fairly complete. In the vicinity of Hawaii 
the surveys are very inadequate except in the only harbor, Hilo Bay. 
The west coast of Lanai and the vicinity of the two westernmost is- 
lands, Jauai and Niihau, are practically unsurveyed. The various 
channels between the islands from Maui to Oahu are fairly well sur- 
vej'ed. The others are practically without surveys. (See fig. 35, 
opposite p. 82.) 

78. Fhilippine Islands, — Tho, Philippine Islands are composed 
of not less than 3,000 islands and islets covering an area of approx- 
imately 150,000 square miles, about the same as that of the five New 
England States and the State of New York combined. The total 
length of the general coast line, measured on small-scale charts using 
3-mile spaces of dividers and omitting islands and bays less than 
3 miles lon^, is approximately 10,850 miles, or about the same as that 
for the entire Atlantic coast of the United States, including the is- 
lands. The unsurveyed hydrography covers a large area on account 
of the necessity of extending this work, in some localities, for many 
miles offshore, and on account of the very extensive area of the Sulu 
Sea. The unsurveyed regions are as follows: Tlie northeast coast 
of Luzon from Polillo Island northward to Aparri ; the region off 
the north coast of Luzon, including the Babyan Islands, Balintang 
Channel, the Natan Islands, and Bashi Channel ; the entire west coast 
of the island of Palawan; the south coast of Mindanao, from Pola 
Point to Malita, in Davao Gulf; the Sulu Archipelago and the Sulu 
Sea from the Tubbathahe Reefs south to the limit of our possessions 
off the coast of Borneo. (See fig. 36, opposite p. 82.) 

79. Northeast coast of Luzon. — This entire unsurveyed region, 
from Polillo Island on the south to Aparri on the north, is of little 
conunercial importance, and being quite free from dangers to navi- 
gation, the execution of the work is being delayed until more impor- 
tant localities are completed. Little reliable information relating 
to this region is available, but a number of good anchorages have 
been reported. Among these are the inner harbor of Port San Vin- 
cente, Dilasac Bay, Casiguran Sound, and Dingalan Bay. The first 
and third mentioned are excellent typhoon harbors. The work must, 
however, be done during the season of frequent typhoons, it being 
impossible to approach the coast at any other time of the year on 
account of the heavy sea caused by the northeast monsoon. (See 
fig. 36, opposite p. 82.) 

80. 0^ north coast of Luzon, — A survey should be made of the 
islands and the waters to the northward of Luzon as far as Bashi 
Channel, as, in accordance with the numerous reports, there is con- 
siderable uncertainty in regard to the true location of the islands 
and the rocks that are dangerous to navigation in the locality. As 
it is in the region visited by frequent typhoons, the work should be 
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undertaken during the period when the typhoons are less frequent 
(See fig. 36, opposite p. 82.) 

81. West ana ea^t coast of Palawan, — ^The coast line of the island 
of Palawan is veiy irregular, indented with deep bays forming some 
of the finest harbors in the Archipelago. The whole region about 
the island and extending southward to Balabac Island, Banguey 
Island, to Cagayan Sulu, and off the north coast of Borneo consists 
of coral reefs, many small islets, and innumerable hidden dangers 
to navigation. To the westward of Palawan, reefs and dangers extend 
to over 100 miles offshore. The hydrographic survey of this region 
involves an immense amount of labor. A preliminary survey for 
the location of channels through the reefs and entrances to harbors 
will first be necessary, after which these localities must be swept with 
the wire drag. (See fi^. 36, opposite p. 82.) 

82. ^^^e8t coast of Mmdanao, — This island is of little commercial 
importance due to the absence of harbors and having a rugged 
mountainous country adjacent to the coast which is not adapted to 
the gi-owth of any of the staple products. The usual steamer tracks 
do not approach the shore within 4 or 5 miles, a sufficient distance to 
avoid all dangers. For these reasons the surveys now in progress 
have been postponed for more important localities. 

83. South coast of Mindanao, — This stretch of about 160 miles from 
Pola Point to Malita in Davao Gulf is similar in many respects to 
the west coast. In general, it is bold and steep, with numerous out- 
lying reefs, which, however, do not extend a great distance from 
shore. The trianmilation for furnishing the controlling positions 
for the hydrography and topography presents a difficult problem, the 
shore line being invisible from the peaks and ridges but a short dis- 
tance back. 

84. Sulu Archipelago,— This region, about 75 miles wide, extend- 
ing in a southwesterly direction from Zamboanga, on the southern 
coast of Mindanao, to the coast of Borneo, a distance of about 180 
miies, has scattered over it about 300 islands and islets and numerous 
hidden dangers to navigation. Surveys in this area are now in 
progress. It requires a survey of the most careful and intricate char- 
acter, and much of the locality must be swept with the wire drag 
after the present hydrographic survey is made. The formation 
is coral and dangerous to navigation, as focks are frequently found 
in localities where they are least expected to exist. The currents in 
the region are very strong. The physical conditions are such that 
excellent control to coordinate the work with that along the coast of 
Mindanao can be obtained. (See fig. 36, opposite p. 82.) 

85. Sulu Sea. — ^The northern end, as far south as the Tubbataha 
Keef s, except certain small area, has been surveyed with a fair degree 
of accuracy, but owing to the coral formations, where hidden dangers 
frequently exist, wire-drag sweeping will be necessary in selected 
passages. A large part of the region to the south of the Tubbataha 
Reefs remains unsurveyed except for a reconnoissance with approxi- 
mate locations by navigational methods. A survey of this area is 
now in progress. Numerous rocks and reefs dangerous to naviga- 
tion are scattered throughout the sea, but certain well-defined pas- 
sages have been examined with sufficient accuracy to make navigar 
tion through them reasonably safe. (See fig. 36, opposite p. 82.) 
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Part III.— SUVEYING FROM THE AIR. 

The ^eat possibilities of airplane photography in conhection with 
the water and land work of the Coast and vieodetic Survey are loom- 
ing up as a potential factor in expediting the mapping of our water- 
ways and interior surveys. This very important subject has been 
the object of careful study and experiments by officers of the Survey, 
in collaboration with the other branches of the Government, during 
the past year and the rapid advance in aerial photography, first 
seriously undertaken during the war, now promises, with proper 
development, a method of surveying that will probably far exceed 
expectations over the old methods in rapidity, economy, and minute- 
ness of detail. 

No little stress should be laid on the fact that not only are the 
possibilities good for an early and complete revision of our shore 
topography^, but the opportunities that present themselves for assist- 
ing materially in our hydrographic work should not be underesti- 
mated. 

With the necessary facilities and cooperation supplied by the 
Army and Navy Aviation Corps to the Coast and Geodetic Sur- 
vey, experience has already proven the value of aerial photography 
over the old method of surveying in revision surveys of our coast 
lines. 

This work, so far, is divided into two branches, aerial photo- 
topography and aerial photohydrography^ and the results are shown 
in the following recent practical demonstrations: 

AERIAL PHOTOTOPOGRAPHY. 

In July, 1919, experiments were made at Atlantic City, N. J., to 
ascertain the adaptability of airplane photographs for use in topo- 
graphic mapping. The area in the vicinity oi Atlantic City was 
chosen as it is characteristic of so much of the coastal plain terri- 
tory of the Atlantic coast. This project was essentially experimental 
in character but developed into one of practical value, as the photo- 
graphs are being used in a revision of the charts of the New Jersey 
coast. 

This work was done in cooperation with the Air Services of the 
Army and Navy. Both land and sea planes were used, and in addi- 
tion several photographs were made from a dirigible. Three types 
of mapping cameras were tried out, the " L " type, K-1, and Tri- 
lens. An officer of the Survey kept in close touch with the work and 
furnished the ground control, constructing special targets in some 
cases. 

A mosaic was constructed by members of the Air Service of the 
Army, using the photographs made with the K-1 mapping camera. 
These were taken at an altitude of 7,000 feet, using a lens of 10-inch 
focal length with a resulting scale of about 1 : 8,000. A rough con- 
trol scheme was first laid out and the mosaic constructed over this. 

86 
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This mosaic and also the individual photographs have been the 
subject of study by engineers of the Survey, especially witli reference 
to control and interpretation. Various methods of reduction for 
chart use were tried out. A study was made of the accuracy of 
mosaics and individual photographs. The possibilities ot control 
using the photographs themselves to establish a grapliic triangula- 
tion have been investigated. The most important pomt brought out 
from the study of the results of the work at Atlantic City was the 
possibilities in revision work, especially along those sections of the 
Atlantic coast where the shore line is subject to frequent changes 
owing to the action of the sea. 

AERIAL PHOTOHYDROGRAPHY. 

At the same time that the experiments at Atlantic City were being 
made a distinct line of investigation was being pursued at Key West, 
Fla. Photographs were made by the Naval Air Service to determine 
the possible use of aerial photographs in connection with hydro- 
graphic surveys. The primary object in view was the elimination of 
wire-drag work, especially in the clear waters of the Florida coast. 
An attempt was made to photograph small coral heads and pinnacle 
rocks, as it is the existence of these needlelike dangers to navigation 
that require the use of the wire-drag. The equipment at the air sta- 
tion at Key West was limited, but thorough tests were made with 
that available. Various types of cameras were used, as well as dif- 
ferent combinations of filters and plate emulsions. Photographs 
were made at altitudes of from 200 feet up to 4,000 feet, and under 
various light conditions. It was hoped that some combination of the 
various factors involved would produce satisfactory results. 

The problem of control was solved by including in each photo- 
graph two vessels of the Survey. The photographs could not be 
corrected for tilt with only two known points as a base, but the con- 
trol as furnished by the positions of the two vessels was found to be 
suflicient for the experiments. 

A well-surveyed area near Key West was chosen, and the vessels 
proceeded on parallel courses over this area at full speed, the plane 
flying forth and back above the course. The courses and positions 
oi the vessels were recorded as in ordinary sounding work. The 
photographer in the plane recorded the exact time that each exposure 
waff made, with other data such as altitude, exposure, plate, filter, 
etc. Each photograph was later oriented by plotting the positions 
of the vessels on the chart at the instant the exposure was made. 

These experiments proved very conclusively that photographs from 
the air, using present-day equipment, are oi little practical value to 
the hydrographer. When any of the underwater features did appear 
in the photographs, contrast in color was the most prominent, with 
no indication as to whether the contrast indicated shoal or deep 
water. Vari-colored bottom, of uniform depth, appears in the 
photograph as apparent difference in depth. Many charted shoals 
are not indicated in the photographs, while adjacent ones show 
clearly. Taken altogether, the results are so uncertain that the 
chances of eliminating field work in hydrography are very remote. 
Developments in the art of photography may change this viewpoint. 
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REVIWON OF THB COAST OF NEW JERSEY. 

In March, 1930, the Army Air Service photographed the coast line 
of New Jersey from Cape May to Seabright. A single flight was 
made, using the k-1 camera. The plane flew at an altitude of 10,000 
feet, and under very good air conditions. The camera was mounted 
in gimbals, with a lead weight at the lowest point to a^st in main- 
taining the optical axis of the camera in a vertical position. Level 
bubbles were placed on the camera to aid in keeping the camera in 
the proper position. The photoo;raphs are being used for a revision 
of the charts of the coast of New Jersey. The individual photo- 
graphs are 18 by 24 cm. in size, and the approximate scale is 1 : lOOOO. 
The photographs are mounted in strip mosaics, for convenience sake, 
not over 4 feet in length. The length is generally determined by 
the position of control points. This composite photograph is com- 
pared with the topoffrapnic sheet of the same area and control points 
identified. The scafe of the photographic mosaic is determined, and 
by means of the pantograph the data are reduced to the scale of the 
chart and transferred from the photographs to tracing paper. 

The photographing of this 120 miles of coast line took less than 
2 hours' time in an airplane. The development of the films and 
printing took 2 days' time of one man. Two rolls of film were used, 
a total of 183 photographs. The work of interpreting the photo- 
graphs, assemblmg mosaics, comparison with topographic sheets, and 
reduction to the scale of the chart of the outside shore line required 
15 days of oflSce work by one engineer. 
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Part IV,— STATEMENT FOR THE PAST YEAR OF ACCOM- 
PUSHED FIELD AND OFFICE WORK, ACCOMPANIED 
BY ILLUSTRATIONS. AS REQUIRED BY STATUTE. 
SHOWING THE PROGRESS MADE, ETC. 

DIVISION OF HYDROGRAPHY AND TOPOGRAPHY. 

The Division of Hydrography and Topography has supervision 
of all hydrographic and topographic surveys executed by this Bu- 
reau, which supervision includes the determination of where surveys 
or resurveys are required, how they shall be conducted, the prepara- 
tion of instructions for surveying parties, the organization of the 
parties, and the inspection of the field work and examination of the 
records. It is also charged with the construction, maintenance, and 
repairs of the vessels and other field equipment, except instruments ; 
the records of the seamen employed on this work; the compilation 
of the Coast Pilot in the field and office; the observation of tides and 
currents ; and compilation of tide tables. 

For administrative purposes, the division is divided into four sec- 
tions, known as the section of field work, section of vessels and equip- 
ment, section of Coast Pilot, and section of tides and currents. Each 
of these sections is under the direction of a hydrographic and geo- 
detic engineer, who is responsible for the efficient and economical 
aclministration of his section, under the general supervision pf the 
Chief of the Division of Hydrography and Topography. 

The division also has supervision over the five field stations^ 
located at Boston, New York, New Orleans, Seattle, and San Fran- 
cisco, respectively, and over the office at Manila, P. I. The field 
stations are for the purpose of maintaining close relations between 
the Bureau and those wno have occasion to use its charts, publica- 
tions, and data, and to keep the Bureau informed of the needs for 
further work in these general localities. They are in charge of 
hydrographic and geodetic engineers, but undertaKe no surveys unless 
specifical^ directed to do so by this Office. The Manila office per- 
forms all of the functions of a field station and, in addition, has 
direct charge of all surveys in the Philippine Islands and much of 
the office work incident to these surveys. This office is in charge of a 
hydrographic and geodetic engineer, with the title of director of 
coast surveys. 

This report gives a general statement of the work performed dur- 
ing the year under the direction of the division by the various field 
parties, the field stations, the Manila office, and, finally, a resume of 
the work of the four sections. Detailed statements are given in the 
reports of the chief of parties. 

FIELD WORK, ATLANTIC COAST. 

Vessels. — ^The Bache at the beginning of the fiscal year was at 
Norfolk, Va,, preparing to take up work at the entrance to Chesa- 
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peake Bay. Some difficulty was encountered in obtaining firemen, due 
to the abnormal marine-labor situation, so that field work was de- 
layed until August 11. Hydrography was then begun off the Vir- 
ginia coast between Virginia Beach and Cape Henry. This work, 
which was all hand-lead sounding, was done outside the 3-fathom 
curve, extending seaward to the limit of fixed positions. During 
September and October simultaneous tidal observations at Fisher- 
mans Island and also at a point about 8 miles off Cape Charles 
were made. During November and until December 23 the vessel was 
undergoing repairs at Norfolk, Va. During this time a party worked 
from the vessel on a special hydrographic survey of the naval oper- 
ating base at Norfolk requested by the Nayv Department. On De- 
cember 23 the vessel sailed for Pensacola, Fla., to take up work on 
the Gulf coast. During the period from January 1 to 20 the vessel 
was engaged in a search for a reported shoal off the mouth of South 
Pass, Mississippi River. Sounding lines were run, .and enough 
soundings beyond the 100-fathom contour were taken to show the 
improbability of shoals in that locality. On January 24 the vessel 
returned to Pensacola to take up work in cooperation with the 
steamer Ranger, From February until May this vessel, in conjunc- 
tion with the Ranger^ was engaged on the offshore hydrography just 
west of the eighty-seventh meridian. The work was of the usual 
character for offshore hydrography on the Atlantic; soundings were 
fixed in position by horizontal sextant angles on shore signals and 
buoys to the limits of visibility for each and thence by precise dead 
reckoning. The weather conditions during this period were not 
favorable, and during the month of March little field work was done 
on thitt account. During the early part of May preparations were 
made to sail to Norfolk. The vessel left Pensacola during the early 
part of the month, arriving at Norfolk on May 14, when she was dry- 
docked and given some minor repairs. Under date of May 26 in- 
structions were issued for inshore and offshore hydrography from a 
junction with work recently completed off the Delaware (Japes north- 
ward to the entrance to New York Harbor. This work was begun on 
June 16 and was in progress at the close of the fiscal year. 

The his at the beginnmg of the year was in Baltimore, Md., under- 
going repairs prior to taking up a hydrographic survey from and 
including the Delaware entrance to New York Harbor. So much 
repairing was necessary on the return of this vessel by the Navy on 
April 30, 1919, that she was not ready for survey work until August 
14. Supplies were then taken on board and the vessel proceeded to 
Lewes, Del , arriving on August 26. The survey of the Delaware en- 
trance was in progress until October 21, when the vessel closed this 
work and proceeded to Washington for special duty ordered by 
the Secretary of Commerce. After completing this duty she pro- 
ceeded to Baltimore on November 5, where she received further re- 
pairs until December 11. The vessel then went to Norfolk for stores 
and supplies and on December 19 proceeded to the coast of Florida, 
in accordance with instructions dated December 17, 1919, to take up 
offshore work in the vicinity of St. Augustine. On January 15 the 
Isis^ while engaged on this survey, struck the submerged wreck of 
the dredge Florida and was beached about 6 miles southeast of St. 
Augustine to prevent sinking, the inflow of water being too great 
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for control by her pumps. Immediately after the vessel had been 
beached temporary repairs were begun and efforts made to pump her 
out and float her. Meanwhile all movable prt)perty was transferred 
to the shore. A Coast Guard cutter was dispatched to assist the his 
and stood by as long as she could be of any assistance. Calm weather 
and a smooth sea at the time the vessel was beached gave reason to 
hope that she might be saved, but before adequate wreckmg appara- 
tus could be assembled and taken to the wreck an easterly storm un- 
did all that had been accomplished. The vessel filled with water 
and settled steadily into the sand until it appeared useless to continue 
the cost of wrecking operations. She was tnerefore sold on January 
27 with such equipment as could not be removed. 

The Ranger at the beginning of the fiscal year was en route to Mo- 
bile, Ala., to take up a survey of the Gulf coast in that vicinity. The 
vessel arrived at Mobile on August 2, and on the 11th of August took 
up its station at Pensacola, where the work was commenced. From 
^^eptember 11 to 14 the work was interrupted by a hurricane which 
swept the Florida Keys. Good progress in hydrography was made 
durin/^ the first half of the month of October, but unfavorable weather 
conditions made work lag during the latter half of the month, which 
continued into November. Some progress was made, however, on 
the hydrographic survey from longitude 87^ westward to the Mis- 
sissippi Delta and from the coast out to the 100-fathom curve. Dur- 
ing December suitable periods between bad weather were devoted to 
a hydrographic resurvey of the entrance to Pensacola Bay, and the 
work was continued until April 21. The topography of the shore 
line of the Gulf of Mexico was completed from the entrance to Pen- 
sacola Bay westward to the entrance to Perdido Bay, fulfilling the 
instructions already issued. Hydrography of the Gulf was con- 
tinued off Perdido Bay entrance, and the inshore work was completed 
to a junction with the 1918 work on the Hydrographer, Bids for 
repairs were opened on April 17, and on the 22d the vessel was taken 
to the yard for repairs. Field work on the hydrography of the 
Gulf was resumed on May 15 and was continued to the close of the 
fiscal year. 

'1 he Onward on July 1 was engaged on a survey of Hampton Roads. 
I'his survey was completed early in September, but the vessel was 
not able to leave the vicinity until the 27th, owing to the difficulty of 
securing a chief engineer. Early in October the vessel arrived at 
Doboy Sound, Ga., and took up a hydrographic resurvey of that 
body of water and approaches from seaward. Bad weather hin- 
dered the work at its inception, but fair progress was made. On 
December 24 this work was completed and the vessel sailed for 
Savannah, arriving the next day. During January and February 
the vessel was undergoing repairs at Savannah, Ga. On March 8 
the vessel left Savannah, arriving at Oriental, N. C, on the 22d, the 
delay being due to bad weather and the weakened condition of the 
vessel, which made it hazardous to leave protected waters during 
stormy weather. During April work was aorie on the signal build- 
ing and triangulation^ some topo^aphy and hydrography in Adams 
Creek and in the vicinity of Oriental. Rain and winds hampered 
the work considerably. The work in Adams Creek was completed 
in May, and the Oriental Harbor work and that of adjoining creeks 
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was completed except at the head of Kershaw Creek. On June 25 the 
vessel left Oriental and proceeded to Elizabeth City to make emer- 
gency repairs to the macninery. 

The Flydrographer on July 1 was engaged on a survey of the Flor- 
ida Reefs at the request of the Navy Department. The work was 
continued during the months of July and August and until Sep- 
tember 9, when a hurricane swept the vicinity. The vessel dragged 
until the cables fouled those of the Tuacarora^ and the two vessels 
hung in this position until the commanding officer of the Hydrogra- 
phevy in order to save both vessels, ordered the cables slipped. The 
Ilydrographer was then blown across the channel where she 
grounded on the shoals west of Key West. She was floated off this 
shoal by using her propeller to cut away the sand from under her 
bottom and was hauled out on the ways at Key West. During Oc- 
tober, November^ December, and until January 17, the vessel was 
undergoing repairs made necessary by this accident. The unusual 
length of time required for these repairs was due to inadequate facil- 
ities at Key West as a result of the storm. On January 21 field work 
was resumed eastward of Key West and consisted oi hydrography 
in Hawk Channel eastward to longitude 81° 31' and outside the 
channel to the 100- fathom contour. Several new shoals were found 
in Hawk Channel, and a survey of Boca Chica Channel was made. 
On account of a shortage of fresh water at Key West the vessel 
transferred its base to Miami for a short period during April and 
May and worked in the vicinity of that port, returning to Key West 
during May. 

Parties. — ^Two wire-drag parties operated on the Atlantic coast 
during the first half of the fiscal year, out lack of funds and shortage 
of officers prevented resumption of this work during the second half 
of the year. 

Wire-drag party No. 1 was employed on a survey of Block Island 
Sound, with headquarters at Block Island, R. I. A reef south of the 
island with only 34 feet of water over it and more than 60 fathoms 
around it was discovered. Seventy square miles were covered in 
the offshore areas east of Block Island, and some inshore work in the 
vicinity of Point Judith and south of Block Island was accomplished. 
The party closed work in Block Island Sound on November 3 and dis- 
banded. The laimches were hauled out and the dragmaster and 
marine engineer of the party were assigned to remain in charge of 
them and prepare the equipment for the next field work. 

Wire-drag party No. 2 was employed on a survey along the New 
England coast from Portsmouth, N. H., to Portland, Me., with head- 
quarters at Cape Porpoise, Me. On November 3 the party closed 
work and disbanded. The launches were hauled out and put in 
charge of the dragmaster and marine engineer, who were assigned 
to work on the drag equipment during the winter. 

The topographic survey of the Virgin Islands, which was in prog- 
ress at the beginning of the fiscal year, was discontinued on April 
6 because there was an insufficient number of officers available to carry 
on the work economically, and the two officers remaining on this 
work were needed elsewhere. It is expected this work will be com- 
pleted during the winter of 1920-21. 
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FIELD WORK, PACIFIC COAST. 

Vessels. — ^The Surveyor left Seattle on July 9, 1919, to take up 
field work in Shelikof Strait, western Alaska. The main feature 
of this work was the extension of the triangulation net which termi- 
nated at Kodiak Island to a junction with the net that had been car- 
ried northeastward from Unalaska, thus providing control for past ^ 
and future surveys of the Alaska Peninsula. The work also included 
tof>ography and hydrographjr within the limits of the new triangu- 
lation. Field work in this vicinity was discontinued on October 9, 
and the vessel went to Sitka to make a small revision survey in 
Sitka Harbor. The latter work was completed on October 29, when 
the vessel proceeded to Seattle, arriving on November 4. During 
the winter the vessel was at Seattle under repairs and the party was 
employed in computing and plotting field records. The vessel sailed 
for Alaska on March 29 for continuance of work northeastward from 
Caj>e Ikti and previous work in Shelikof Strait. The steamep 
Yukon^ which had been left in Alaska on the termination of work 
prior to the war, was used in conjunction with the prosecution of this 
work. An unusually early start was made this spring and, although 
the season was quite backward, much work was accomplished in this 
half of the fiscal year. 

Upon the return of the Surveyor from duty with the Navy and 
vessels transferred to this Bureau from the Navy Department, plans 
were made to obtain deep-sea poundings in the Atlantic, Caribbean, 
and Pacific while the vessels were en route to their respective work- 
ing grounds on the Pacific coast. The routes laid down were par- 
allel and adjacent to the commercial route from the Atlantic to the 
Pacific coast ports via the Panama Canal. The routes were sepa- 
rated approximately 20 miles, with arrangements for soundings at 
intervafc of 40 nautical miles. Much valuable information for 
charting purposes was obtained. 

Sialia. — ^At the beginning of the fiscal year the vessel was at Bal- 
timore, Md., undergoing repairs by the Navy Department, prepara- 
tory to transfer to this Bureau. The vessel was turned over to this 
Bureau on October 6 and sailed for Panama en route to the Pacific 
coast with instructions to take deep-sea soundings at stated intervals 
while en route. In accordance with this, soundings were obtained 
along the track as far south as the Bahama Banks. When down 
to the Bahama Banks both boilers and some auxiliary machinery 
failed, and the vessel proceeded in tow to Key West for repairs. The 
repairs continued until November 25, on which date the vessel sailed 
again for the Pacific coast. On that date it was reported by tele- 
graph that the Sialia's condenser was leaking and pumps cracked. 
The vessel reported her location at Nuevitas, Cuba, and stated that 
the repairs by the ship's force would rec^uire one week. The repairs 
were continued during December, and in the early part of January 
the vessel left for Key West, arriving there on January 11. It was 
decided that she should return to Norfolk or Charleston under her 
own steam if this were possible, and an additional chief engineer 
and assistant engineer were detailed to her to insure that every pos- 
sible care would be given to her machinery and boilers during the 
passage. She got as far as Charleston, S. C, but could not round 
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Hatteras because of boiler trouble. It appeared evident that this 
vessel was unsuitable for this service and that she did not warrant 
the cost of putting her in serviceable condition. Accordingly she 
was returned to the Navy Department on March 15. 

The Lydonia was transferred to the Coast and Geodetic Survey 
from the Nayv on August 7. She sailed from Norfolk on August 31 
for the Pacific coast via the Panama Canal and arrived at San 
Francisco during October. While en route she took soundings along 
the steamer track from Norfolk to Panama and from Panama to 
San Diego. Three soundings of 178, 198, and 363 fathoms were 
taken, in latitude 29° 29', longitude 117° 15' (190 miles due south of 
San Diego), where the nearest soundings shown on the chart are 
about 2,000 fathoms. On arrival at San Francisco preparations 
were made for offshore hydrographv off the coast of California, from 
Cape Mendocino to Point Arena, which work was started on Novem- 
ber 19, 1919, at Humboldt Bay. This work was continued until 
February 4, when the vessel returned to San Francisco preparatory 
to undergoing repairs and outfitting for summer work in Alaska. 
On April 10 the vessel sailed for Seattle, en route to the field work 
in southeast Alaska, to take up topography and inshore hydrography 
along the west coast of Dall Island, northward from completed work 
in the vicinity of Cape Augustine. The launch Cosmos was used 
in this work. This work was in progress at the end of the fiscal 
year. 

The Arcturus^ which had been received from the Navy just prior 
to the beginning of this fiscal year, had been brought from New 
York to Norfolk, where she was. laid up and her crew transferred 
to the Lydonia because of lack of personnel to operate both vessels. 
After a thorough survey of this vessel and with the knowledge de- 
rived from her performance on the passage south, it was decided to 
return her to the Navy. She was delivered on January 14. 

The Patterson had ceased to be an efficient surveying vessel "before 
she was taken over by the Navy for military duty, and, accordingly, 
when she was turned back to this service she was not put into 
commission. She was disposed of by sale on December 22. 

The Wenonah arrived at San Diego, Calif., on July 17, en route 
from Norfolk, Va., to San Francisco. Some difficulty was expe- 
rienced in obtaining coal during the passage from !ranama, and 
because of the vessel's limited bunker capacity she was obliged to 
take on a small amount of coal while at sea. The WenonaK^s track 
was laid down about 20 miles distant, parallel to those laid down for 
the vessels which preceded her to the west coast. Soundings were 
obtained at regular intervals throughout the voyage. After re- 
ceiving stores and outfit at San Francisco the vessel took up work 
in the vicinity of Cape Mendocino and the survey of Humboldt Bay 
when weather conditions prevented outside work. A party from 
the vessel, using the United States Engineers' launch Clyde^ was 
employed on the hydrographic survey of Humboldt Bay. A large 
area extending from Cape l^endocino to about the entrance to Eu- 
reka Bay and between the 20 and 200 fathom curves was completed 
and a few lines of soundings were taken out to a depth of 500 
fathoms. This work was in progress until January, when the vessel 
proceeded to San Francisco tor repairs and outfit for Alaska work. 
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At the close of the fiscal year she was engaged on hydrographic and 
topographic surveys in Clarence Strait, southeastern Alaska, from 
Dixon Entrance northward. 

The Explorer^ which had been laid up at Seattle on return from 
the Navy, was put into commission in February and made ready for 
wire-drag work in southeast Alaska. A combined operation party 
was organized, with the Explorer as a mother ship, two large ex- 
Navy launches, and a 30-foot tender in lieu of the hired launches 
used heretofore for this class of work. The launches Scandinavia 
and Helianthv^ were repaired and assigned to this party as tenders 
to the Explorer, The vessel and launches proceeded to Alaska and 
took up triangulation, topography, and hydrography in Stephens 
Passage. Excellent progress was made from the start, and the work 
was well imder way at the end of the year. 

The Natoma made the passage from Norfolk, Va., without acci- 
dent and arrived at San Francisco on July 27, no soundings being 
obtained en route, as the delays incident to such work would en- 
danger the safe passage of so small a vessel. She was then employed 
on an examination of Bonita Channel, requested by the commander 
in chief of the Pacific fleet. On completion of this work the vessel 
took up a resurvey of San Francisco Bay, including hydrography 
and revision of the shore line. This work was continued throughout 
the winter and until April 15, when she was being repaired and 
made ready for work at San Pedro, Calif. She was still undergoing 
repairs on June 30. 

Parties, — From July, 1919, until March, 1920, a party was em- 
ployed in Lake Washington dragging for submerged trees which, 
since the lowering of the level of the lake, had become a menace to 
navigation. The work was conducted at first in accordance with 
the usual wire-drag practices, but as the work developed it was 
found that other means were necessary for locating the trees with 
sufficent exactness to enable a snag boat to remove them. A special 
form of sweep was devised which gave excellent results. A total of 
172 submerged trees were located by this party and removed by the 
United States Engineers. Some were over 100 feet long and one 
140 feet. The tops of these trees were from 4 to 30 feet below the 
surface of the water. In connection with this work the triangulation 
and topography of the shores of Lake Washington were revised. 

A party was organized during April and began on April 19 a re- 
survey of Umpqua River and bar, Oreg. This survey was ordered 
primarily because of the reported uncertaiiity of the depth that 
could be carried over the bar at the entrance to the river, but it was 
found that important changes had taken place within the river, and 
a complete survey to Gardiner was ordered. This work was in prog- 
ress on June 30. 

At the beginning of the fiscal year a party was at work on the 
coast of Caliiornia, in the vicinity of Eurelta, recovering old triangu- 
lation stations, erecting signals, and establishing new stations where 
required for the control of hydrography oflF this coast. This work 
was extended to include the coast from Cape Mendocino to Point 
Reyes. Work was completed in October. 
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FIELD STATIONS, ATU^NTIC AND PACIFIC COAST. 

P'ield stations, each in charge of an officer of the Survey, were 
maintained at Boston, New York, New Orleans, Seattle, and San 
Francisco. At these stations the public may consult any of the 
charts and publications of this Bureau, the publications of the Bureau 
of Lighthouses, and may obtain information concerning such sur- 
veys as liave been made in the district or are contemplated. Coast 
and Geodetic Survey charts, coast pilots, and tide tables ate sold at 
all field stations. The inspectors in charge of the stations arc re- 
quired to keep themselves informed concerning changes affecting 
tne charts of their districts and to report to the director of the Sur- 
vey as to what additional surveys or resurveys are necessary to meet 
the requirements of navigation. The inspectors often perform many 
other duties in connection with the work of the Bureau in their 
respective districts. 

The inspector in charge of the Boston field station determined 
the geographic position of and marked an azimuth line from the Navy 
radio-compass station at Chatham, Mass., on request from the Navy 
Department. He also did chart-revision work in that locality. 

The inspector in charge of the New York field station directed a 
hydrographic resurvey of Gravesend Bay and a revision of the 
shore line. He also supervised a tidal and current survey of the 
waters of New York harbor from July to December, 1919. The 
completion of this work has been deferred to the next fiscal year be- 
cause of insufficient funds during this year. 

The inspector in charge of the New Orleans field station deter- 
mined the geographic position of and the azimuths of lines from the 
Navy radio-compass stations at the mouth of the Mississippi Rivei 
and at Grand Isle, La. He also verified primary azimuth measure- 
ments at Marthaville, Ga. 

The inspector in charge of the Seattle field station had supervision 
over the tidal stations at Seattle and Olympia and the current sta- 
tions on the four light vessels of the coast of Oregon and Washing- 
ton. He was in charge of the Bureau's vessels and launches *which 
were laid up at Seattle without a commanding officer and attended 
to the upkeep and repairs of these craft. He also cooperated with 
the officer in charge of the Lake Washington work and with the 
commanding officers and chiefs of parties operating out of Seattle. 

The inspector in charge of the San Francisco field station, assisted 
from time to time by otliers of the service, performed the necessary 
field work and prepared for publication a pamphlet giving the 
ranges available in San Francisco Harbor for adjusting ship's com- 
passes. The former publication on this subject antedated the San 
Francisco fire, which destroyed many of the older ranges, and since 
the city was rebuilt there has been need for a new edition of this 
work. The publication will come out during 1920. 

FIELD WORK, PHILIPPINE ISLANDS. 

Vessels.— The Pathfinder^ on July 1, was at the Olongapo naval 
Station undergoing extensive repairs, upon the completion of which 
she on September 18 proceeded to Manila to take on supplies. After 
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coaling at Cavite, she sailed for her field of operations on the north- 
west coast of Mindanao, on September 27, and took up combined opera- 
tions along the coast, from Blanca Point southwest to Coronado Point. 

Actual field work began on October 1 by searching for and locat- 
ing a reef in Dapitan Bay. A base line was measured in Sandigan 
Bay, the necessary signals built, and the work prosecuted until March, 
when the vessel returned to Manila for docking and to transfer com- 
manding officers. On April 21 she again proceeded to the working 
ground and was engaged in deep-sea sounding work in the Sulu Sea 
until June 23, when she returned to Manila for docking and repairs. 

On June. 30 she was in the naval dry dock at Olongapo. 

The FathoTuer was at Manila on July 1 for transfer of command, 
and on the 9th left Manila for her working grounds. She was en- 
gaged in the survey of Cuyo West Pass and the Cagayan Islands until 
December 7, when she returned to Manila for repairs. Repairs were 
made at Engineers Island, and the vessel left Manila for the field on 
April 8. At the close of the year, June 30, she was still in the field, 
engaged in surveys along the west coast of Mindanao and Cuyo 
West Pass. 

The " Romhlon,'^'' — On July 1 the Romhlon was in Ragay Gulf mak- 
ing a special survey of the Vinas River. This work was completed 
on October 7. 

In the meantime the vessel was at Manila from August 15 until Sep- 
tember 3 for minor repairs to the boiler. On October 7 the Romhlon 
proceeded to the southwest coast of Palawan and resumed the work 
begun the previous year. This work was prosecuted until January 
10, when the northeast monsoon made work in that locality imprac- 
ticable. Some necessarv repairs were made at Manila, &nd on Feb- 
ruanr 20 the vessel leit Miinila for Zamboanga, for work on the 
soutnem coast of Basilan Island. This work was continued until its 
completion on April 27, when the change of monsoon permitted the 
resumption of work on the Palawan coast. This work was prosecuted 
from April 27 until June 20. The vessel then proceeded to Manila 
for a general overhauling and was there at the end of the year. 

The Marmduque was returned to the Coast and Geodetic Survey 
by the bureau of labor of the Philippine Government on July 7. 
sine was in a run-down condition and needed immediate repairs. 
Repairs were completed on September 26. Field work was begrun 
on Ae west coast of Zamboanga Peninsula, from the line Lampin- 
igan-Sangboy, and continued northward until February 21, when 
it was suspended and the vessel returned to Manila. 

Owing to a lack of field officers, no further field work was done 
during tne year. 

Manila field station. — The Director of Coast Surveys in Manila 
directed all operations of the field parties in the Philippine Islands, 
had supervision of all work of the computing, drafting, and chart 
divisons in the field station. 

PHOTOGRAPHIC SURVEYING. 

On July 1, 1919, the Bureau had an officer at Atlantic City, N. J., 
establishing control of airplane photographs, which were subse- 
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quently made by the air services of the Army and of the Navy for the 
purpose of determining experimentally how accurately the country 
could be mapped from such photographs. A mosaic of Atlantic City 
constructed from these photographs, together with the individual 
photographs, were studied with reierence to the control. At the same 
time the party on the Survey steamer Hydrographer was experiment- 
ing near Key West, Fla., with airplane photographs of water areas to 
determine to what extent, if any, submerged objects and the nature 
of the bottom could be detected on such photographs. These photo- 
graphs were taken by the Navy air service officers stationed at Key 
West. ... 

The results obtained from the Atlantic City experiments, while in- 
conchisive and, on the whole, rather unsatisfactory, still indicate 
that airplane photography may be of great assistance in mapping the 
land. The results of the Key VVest work indicate that with present 
photographic equipment no dependable information can be nad of 
underwater conditions. Because of the veir important part that 
airplane photography will certainly take in land surveying if some 
of tlie obvious difficulties can be overcome, it has been considered 
worth while to devote as much study to this subject as practicable. 
One officer has been detailed to devote his entire time to the subject 
and has been given the best facilities for investigation that the Bureau 
can supply. He has been in close communication with those who are 
working on this and allied subjects at Washington and elsewhere. 
He represented this Bureau at a series of experiments conducted last 
spring at Dayton, Ohio, by the Air Service of the Army. It is be- 
lieved that ^substantial progress has been made during the year, al- 
though the disorganized condition of the air services, as the result of 
demobilization of the Army and Navy, has necessarily retarded 
experimentation. 

SECTION OF FIELD WORK. 

The work of the field section was of the same general character as 
during the fiscal year 1919. 

The plans under which the work of this section was organized 
were based on the necessity of adequate supervision of the topo- 
graphic and hvdrographic surveys and coordination of the work of 
the various field parties. During the year the mapping of the shore 
line and the hydro^aphic work was carried on under instructions 
prepared in the section. 

The compilation of data from original sheets and descriptive re- 
ports of previous work was carried on with a view to determining 
their quality and extent. Original field notes covering areas where 
resurvevs are necessary and where new work is contemplated were 
carefully reviewed in order to formulate plans and prepare the de- 
tailed instructions for the required work. 

This careful preparation of the instructions and supplying of 
necessary data in the way of adjoiniuj^ sheets and information rela- 
tive to previous work in the immediate vicinity of the proposed 
operations has done much to promote the efficiency of the field 
parties and to coordinate the work of the Bureau. 

Inspection of the field parties was made once during the year to 
insure accuracy and completeness of their work. 
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SECTION OF VESSELS AND EQUIPMENT. 

The work of this section during the past fiscal year was per- 
formed in accordance with its basic duties for the repair and upkeep 
of the v^sels and launches and for the maintenance of the working 
equipment of the various field parties operating under the division. 
InspKBCtions of practically all the vessels and launches were made by 
administrative officers of the division during-the year. Recommenda- 
tions submitted for repairs and necessary work to maintain these 
units were approved to the limit of the appropriation and in consid- 
eration of the requirements of the field work. The purchase of some 
necessary equipment was postponed on account of lack of further 
funds. 

Eecommendations were considered and plans sketched for altera- 
tions to be made to the vessels acquired from the Navy to furnish 
better accommodations for the crew, to enlarge the storage space, 
and improve the sanitary conditions on boa^rd. Such alterations 
when completed will enhance the value of these vessels for surveying 
op>erations during the temporary period of their use. The files oi 
the Bureau were maintained and supplemented by current changes 
and additions. In these files are kept the plans of existing vessels and 
of launches built under the jurisdiction of the Bureau. Detailed 
plans and printed specifications for the construction of new vessels 
are on file in readiness for submission to prospective bidders when 
an appropriation shall be made available. There are also on file 
records of the seamen personnel. Data were compiled for adjust- 
ments of pay of ships' officers and men to meet changes current in 
marine services. Beports and returns submitted by various parties 
in connection with the work of this section were received and filed. 

Estimates submitted for operating expenses and repairs were re- 
viewed and prepared for the approval of the chief of the division. 

Marine services. — Reports and returns submitted by various parties 
in connection with the work of this section were received and filed. 

Estimates submitted for operating expenses and repairs were re- 
viewed and prepared for the approval of the chief of the division. 
Allotments were made under the approved estimates or revised as the 
progress of the work indicated possible changes. 

COAST PILOT SECTION. 

During the year this section completed work on the Philippine 
Islands Coast Pilot, part 1, and it was distributed in September, 1919. 

The section revised and issued a new edition of the Hawaiian Island 
Coast Pilot Notes ; the Inside Boute Pilot, New York to Key West ; 
and the Inside Boute Pilot, Kev West to New Orleans. Field work 
was done along the coast of New Jersey for a new edition of the 
publication covering the inland waterways of that State. 

During the year such supplements and corrections were issued as 
were necessary to keep the information in all volumes up to date. 

Beprints were obtained during the year of Atlantic Coast Pilots, 
Sections B, C, and D ; and Pacific Coast Pilots, California, Oregon, 
and Washington and Alaska, part 1. 

The record of the issue of coast pilots in recent years is interesting 
ms indicating the usefulness of these publications. As these volume? 
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are sold at a price sufficient to defray the cost of printing (50 cents), 
it is obvious that the number sold furnishes an accurate measure of 
the public demand. Each year marks an ever- increasing demand 
for them. The following is the record of the issue for the fiscal years 
from 1913 to date: 



una 3. 797 

11)14 ^ 4,148 

itnr> 4,016 

IDia J 5,602 



1917 7, 952 

1918 12, 913 

1919 13, 315 

1920 15, 261 



SECTION OF TIDES AND CURRENTS. 

The prediction of tides and currents for the 1921 tide tables was 
made and the manuscript submitted for printing in three separate 
parts: Atlantic Coast Tide Tables, Pacific Coast Tide Tables, Gen- 
eral Tide Tables. 

Automatic tide gauges were kept in operation throughout the year 
at seven stations on the Atlantic coast, two stations on the Gulf coast, 
three on the Pacific coast, and two in Alaska. In addition, tidal ob- 
servations in connection with hydrographic surveys were made at 114 
stations with an aggregate length of 44 years. 

At the principal tidal stations the relation of tide staff to bench 
marks was verified by spirit levels, insuring accurate data for de- 
tecting subsidence or emergence of the coast. 

To make available for engineering and other purposes definite 
datum planes all along the coast, a tidal party was employed in New 
York Harbor for about three months. In addition to establishing 
bench marks, current observations at important points were also 
made. 

Current observations during the year were made on 13 light vessels 
on the Atlantic coast, on 1 light vessel on the Gulf coast, and on 5 
light vessels on the Pacific coast. In addition, short series of cur- 
rent observations were made at 85 stations with an aggregate length 
of 11 months. 

The proof of the 1921 tide tables was read and the Atlantic and 
Pacific Coast Tide Tables were received from the printer before the 
end of the fiscal year ; the General Tide Tables are expected by Au- 
gust 15. The following table, showing the number of copies of the 
Tide Tables issued for each year, is indicative of the increasing use- 
fulness of these publications : 



Tide tables for year- 



IMS 

19W 

1917 

1918 

1919 

1920 (six months) 



General 

tide 
tables. 



1,776 
1,195 
1,847 
3,331 
3,945 
3,181 



Atlantic 

coast tide 

tables. 



2,291 
2,682 
3,998 
3,997 
4,465 
4,447 



Pacific 

coast tide 

tables. 



10,989 
10,565 
13,560 
13,950 
14,962 
15,122 



Total. 



15, 0» 
14,442 
19,406 
21,287 
2»,3«2 
22,750 



Pacific coast currents, — In the safeguarding of our commerce along 
the Pacific coast a knowledge of the currents is of utmost importance. 
No matter how accurate charts and navigation instruments be made^ 
however skillful the navigator, in thick weather grave danger of dis- 
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aster exists unless the direction and velocity of the currents acting 
upon the ship are known. 

Though the problem is complex, for practical purposes it admits of 
solution. The Coast and Geodetic Survey has devoted considerable 
attention to currents, and publishes in its coast pilots and tide tables 
information of great value to mariners. Given sufficient observa- 
tions^ it will be possible to extend this information so that the mariner 
may know, under all conditions of weather, the direction and velocity 
of the currents to which his vessel may be subjected. 

To realize how important an element the currents constitute, it is 
but necessary to remember that in the more than thousand miles 
of coast line from the Mexican border to the Strait of Juan de Fuca, 
harbors are many miles apart, sailing courses from headland to 
headland long, and periods of thick weather of comparatively fre- 
quent orcurrence. In the long list of disasters which the difficult 
navi^tion of that coast has claimed — from 1900 to 1917, 100 
vessels were wrecked along the Pacific coast of the United States — 
a large number were due to lack of knowledge of the effects of the 
currents. And it is to be borne in mind that the navigators of the 
Pacific coast comprise an unusually able, keen, and alert group of 
men. 

To the present time appropriations for current observations have 
been so small as not to permit the maintenance of a vessel for the 
purpose of making a detailed, systematic study of the treacherous 
and little-known currents of the Pacific coast. The Survey has al- 
ready made use of all other possible agencies for securing data. Cur- 
rent observations are being made at the five light vessels along the 
coast, and masters of coastwise steamers send in reports regularly. 
But it is obvious that a more systematic effort is necessary, since the 
distance between light vessels is too great for securing all data re- 
quired. 

The problem of the currents along the Pacific coast involves the de- 
termination of both tidal and nontidal currents ; and while the tidal 
currents at any place may be determined with sufficient accuracy 
from observations covering a month or more, the nontidal current re- 
quires observations covering several years. 

In its current work, at present, the Survey is primarily engaged 
in the practical determination of the existence and nature of the cur- 
rents affecting navigation. At the same time and at the same cost, 
however, it is accumulating the data requisite for a comprehensive 
study of the problem which has an important bearing upon meteor- 
ology, climatology, and other related subjects. 

For a systematic study of the currents on the Pacific coast, it is 
planned to continue the observations aboard the five light vessels 
stationed off the coast, to continue and extend the reports of voy- 
ages from masters of coastwise vessels, and to employ one Coast and 
Geodetic Survey vessel, equipped for anchorins: at critical points 
between the widely separated light vessels, to secure at these points 
currpnf observations of several weeks' duration. 

If this project is carried out, two or three seasons' work will provide 
sufficient data to enable the Survey to predict the tidal current for 
representative regions covering tlie entire coast, to discover any per- 
manent currents and their seasonal variations, and to devise rules en- 
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ablin^ the mariner to make proper allowance for changes in the di- 
rection and velocity of the current due to winds. 

Given the modest appropriation necessary to carry this plan into 
effect, a long step will have been taken toward the safeguarding of 
navigation of the Pacific coast. 

DIVISION OF GEODESY. 
FIELD WORK. 

The details of the field work done under the direction of the divi- 
sion of geodesy during the year are given under the heading " Etetails 
of Field Operations.'' 

The principal operations undertaken are here summarized as 
follows : 

In the summer and early fall of 1919, a reconnoissance was made 
for primary triangulation in northern California and northeastward 
from the vicinity of Klamath Falls to the vicinity of Ontario, Oreg. 
This work was requested by the officers of the Forest Service in order 
that precise geographic positions might be available for the control 
of surveys of the national forests. 

The forest Service also requested a line of precise levels through 
the same area followed by this reconnoissance for triangulation, m 
order that precise elevations might be available for surveys and maps 
of national forests. The work in northern California and Oregon is 
also of great value to the United States Geological Survey and to the 
engineers and surveyors of the State of Oregon. This triangulation 
and the leveling form a part of the general control systems of tri- 
angulation and leveling of the United States. 

In the spring of 1920 a party was organized for the purpose of 
carrying on the observing over the arc of precise triangulation for 
which the reconnoissance was made in the summer of 1919. This 
work was in progress on June 30, 1920. 

Seven three-fourth-ton automobile trucks were purchased in the 
early spring for the use of the geodetic parties. Six of these trucks 
are being used as a means of transportation by this party through 
very rough country, which will furnish a thorough test of their 
efficiency. 

On this work there were two observing parties. A subparty was 
engaged on preparation of stations for the observers. This prepara- 
tion consisted of marking with concrete and a tablet each point at 
which observations were made and the erection of a substantial stand 
over this mark as the support of the theodolite with which the hori- 
zontal observations were made. 

In the spring of 1920 a precise-leveling party began a line of pre- 
cise levels in the vicinity of Klamath Falls, Oreg. The route that 
this party is following extends to the eastward of Klamath Falls and 
thence northeastward to the vicinity of Ontario, Oreg. At Klamath 
Falls the new leveling was connected with previously established 
bench marks and on completion of the line a similar connection will 
be made at Ontario, Oreg. 

At the beginning of the fiscal year 1920 a leveling party was work- 
ing on the line of precise levels which extends southward from the 
vicinity of Klamath Falls, Oreg. The line was completed to Rose- 
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ville, Calif., where a connection was made with previously established 
bench marks. 

The party was then moved to San Jose, Calif., where a line of 
levels was begun, which extended southward as far as Santa Ana, 
Calif. At each end of this line connections were made with previ- 
ousW established bench marks of the United States Coast, and Geode- 
tic Survev, and with tidal bench marks established along the Pacific 
coast. Motor- velocipede cars were used as a means of transportation. 

On the completion of the line to Santa Ana, in the late winter, 
the party was moved northward to Weed, Calif., from which point a 
line was started toward Seattle, Wash. This work was in progress 
in the vicinity of Portland at the close of tlie fiscal year 1920. 

From July 1, 1919, until the end of June a subparty was engaged 
on levels. 

About the 20th of June the charge of the party was transferred. 

The leveling in California and in Oregon was requested by the 
United States Geological Survey in order that accurate elevations 
might be available for tying into the leveling of a lower grade that 
had been run for the control of topographic surveys and maps. This 
leveling is a part of the general precise-leveling net of the United 
States and extends through an area that has been very badly in need 
of accurate elevations. 

After some correspondence with the Director de Estudios Geo- 
graphicos y Climatologicos of Mexico, arramrements were made to 
connect the precise triangulation of Mexico in Lower California with 
that of the United States in southern California. An officer of the 
survey took charge of field operations, and, in cooperation with an 
engineer of Mexico, completed the necessary observations to connect 
the systems of the two coimtries. The geodesists of Mexico have 
shown a splendid spirit of cooperation with the geodesists of the 
United States in having the triangulation systems of the two coun- 
tries connected and placed on the same datum ; that is, the North 
American datum: This is an admirable arrangement, for it insures 
that the maps made along the Mexican boundary by Mexico and the 
United States will harmonize in geographic positions. The tri- 
angulation systems of the two countries had previously been con- 
nected in the vicinity of Brownsville, Tex. 

In the latter part of the previous fiscal year triangulation had been 
-begun in the State of Utah to supplement the precise triangulation 
of the transcontinental arc. The lines between stations of this arc are 
so long that it was impracticable to use them for forest surveys 
without having additional stations established. This work in Utah 
was continued after the beginning of the fiscal year and comi)leted in 
the fall of 1918. In carrying on this arc of triangulation in Utah 
for the especial benefit of the Forest Service the local officials of that 
service rendered valuable assistance to the chief of party, and at some 
of the stations the observations were made by engineers of the 
Forest Service to supplement the work done by this party. 

On the completion of the triangulation in Utah, mentioned in the 
preceding paragraph, the party was moved to southern Arizona and 
Deffjin work on precise triansrulation which extends from the vicinity 
of Nogales, Ariz., northwestward to the vicinity of Yuma. This 
work was done in response to a request from the Chief of Encrineers, 
United States Army, with a view to furnishing control stations for 
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maps and surveys along the boundary. The area covered by this 
trianmilation lies between the Mexican boundary and the Texas- 
California arc of precise triangulation. 

The officials of the Army stationed at Fort Sam Houston co- 
operated with the chief of this party and supplied automobile trucks 
for transporting the party and supplies and equipment necessary for 
the work. Grieat difficulty was experienced in obtaining the proper 
men as light keepers for the party. It was frequently the case that 
a man would be sent to a mountain peak to pertorm the duties of a 
light keeper and would abandon the station without notifying the 
chief of party of his action. This, together with the fact that the 
country is and and the mountain peafi difficult of access made the 
work hard and somewhat hazardous. The party was m no way 
molested by anyone along the Mexican boundary, although many 
times work was done in the immediate vicinity of the boundary 
monuments. 

About the end of the month the charge of the party was trans- 
ferred to another officer, who completed the work and later moved 
the party to New Mexico. 

At the beginning of the fiscal year 1920 a party which had been 
organized in the late spring of 1919 was in operation on triangula- 
tion in Arizona to the northward of Tucson and Phoenix, Ariz. 
This work was done at the request of the Forest Service for the pur- 
pose of furnishing precise geosrraphical positions for surveys and 
maps in their forest areas. More stations were established than 
would ordinarily be the case in extending an arc of precise trian^la- 
tion across the country through an area lacking such control. It 
was economy to establish these additional stations at the time that 
the main scheme observations were made in order to avoid the neces- 
sity of the engineers of the Forest Service having to make a sup- 
plemental triangulation survey for their especial purpose. 

During the progress of this season's work a base line was measured 
to control the lengths of the triangulation in the vicinity of Prescott. 
Great difficulty was experienced in securing the right kind of men 
as light keepers and heliographers. 

On the completion of the triangulation along the Mexican boun- 
dary between Nogales and Yuma the outfit and some of the members 
of the party were taken to Albuquerque, N. Mex., where preparations 
were made for the measurement of a base line in the vicinity of* 
Belen, N. Mex., and for precise triangulation from that locality 
westward along the Santa Fe Railway. The base line was completed 
and triangulation was under way at the end of the fiscal year 1920. 

At the end of the fiscal year 1919 a party was engaged on precise 
triansfulation which extends from Waco, Tex., eastward to the 
vicinity of Mansfield, La. This work was continued in the early 
part of the fiscal year 1920 and completed to Mansfield in the early 
fall. After the work had reached Mansfield it was found necessary 
to extend the horizontal control surveys, of which this work is a 
part, by precise traverse to the Mississippi River. This was done 
because of the fact that the country through which the survey was 
made is heavily wooded and flat and the cost of erecting signals 
for triangulation would have been considerable. 

The traverse work from Mansfield to the Mississippi River m 
the vicinity of Naples was completed. 
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Late in the spring of 1920 a revision was made of a small section 
of this traverse to detect an error that had been made in one of 
the traverse angles. The error was found and the correction was 
made in the original observations. 

In the latter part of the fiscal year 1919 a precise-leveling party 
began a line of levels at Hillsboro, Tex., and ran eastward toward 
the Mississippi River. This line was carried* as far as Gallatin, 
Tex., when the party was transferred to Mansfield, La. From 
that place a line was run to Shreveport, La., and connected 
with existing bench marks of the precise-level lines, and then from 
Mansfield the line of traverse was followed to Naples, La. From this 
line of levels a profile of the railroad was made from which grade 
corrections were applied to the tape measurements of the traverse. 
On the completion of the leveling to Shreveport and Naples the 
party proceeded westward from Mansfield and extended the line 
of levels to Tenaha, Tex. 

During the progress of the work of the leveling parties in Texas 
and Louisiana a crossing was made of the Mississippi River in the 
vicinity of New Orleans, La. A novel plan of operation was adopted 
consisting of having two targets at Known points on a level rod 
which were observed with the instrument on the opposite side of 
the river. The reading of the micrometer head was made when the 
central horizontal wire was placed on each of the targets, and the 
micrometer reading was taken when the bubble of the precise level 
was in the center. By a simple proportion it was possible to learn the 
point on the rod at which the instrument was directed when thi 
bubble was in the center. 

Simultaneous readings were made — that is, there were two rods 
and two instruments involved in the river crossing — in order that 
the effect of the atmospheric refraction could be eliminated. 

The results of this crossing were entirely satisfactory to the office, 
and the indication is that this method will be extensively used in 
the future in similar work. One of the problems in precise leveling 
for many years has been the difficulty of making a satisfactory cross- 
ing of wide bodies of water. 

The leveling, triangulation, and traverse discussed in two or three 
preceding paragraphs were called for bv the Chief of Engineers of 
the United States Army, in order to lurnish geographic positions 
and elevations for the control of military maps and surveys. A por- 
tion of the expense of this work was met by transfer of funds from 
the War Department. The building of signals and the preparation 
of stations were done by a party organized for the purpose. Upon 
the completion of signal building, etc., on this arc of primary triangu- 
lation and traverse, the building party proceeded te Oklahoma and 
began the erection of signals in that State along the Little Rock- 
El Reno arc. 

On October 22 precise triangulation was begun and was extended 
westward in Oklahoma until the winter weather necessitated the sus- 
p>ension of the work. 

Two officers were en«:aged during practically the entire fiscal year 
in the determination of the differences of lonji^itude in Texas, Louisi- 
ana, and Arkansas. Some of the work was in western Texas, along 
the Kio Grande arc, some was along the Waco-Mississippi River arc^ 
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and the remainder consisted in the connection of the last longitude 
station established in Louisiana with the old longitude station at 
Little Rock, Ark. 

In the summer and early fall of 1919. a number of gravity stations 
were established in South Dakota, Nebraska, Wyoming, and Colo- 
rado. These stations were selected bv the officials of the United States 
Geological Survey and the value oi the intensity of gravity at each 
of them was expected to throw light on local geofo^c problems. The 
standard half -second pendulums were used on this work and were 
standardized both before and after the season's work at the office 
in Washington. 

In the spring of 1920, a reconnoissance was begun for precise tri- 
angulation or traverse on a north-and-south line through the State 
of Indiana. This work had been requested bv officials of the United 
States Geological Survey for the purpose of furnishing geographic 
positions for the control of their surveys and maps. After the recon- 
noissance had been carried some distance it was decided that the 
linfe should be entirely traverse. A traverse party for this work in 
Indiana was afterwards organized. The party was operating during 
the last few months of the fiscal year 1920. 

A revision of the traverse to the northward of Griffin, Ga. On 
completing this work a revision was made of triangulation in the 
vicinity of Sanford, N. C. 

During the early part of the fiscal year 1920 a revision was made 
of the measurements of distances o^ the traverse lines in North 
Carolina, South Carolina, and Virginia. This work was necessary 
because of the fact that during the war very great difficulty was 
experienced in obtaining engineers to make observations and to have 
charge of the supervision of various surveying parties. The work 
was carried on with inexperienced and inefficient observers, in many 
cases with the consequence that much of the work had to be revised. 

At the close of the preceding fiscal year a precise-leveling party 
had completed the line between Troy and Whitehall, N. Y. The 
party was then moved to Bouses Point and began rimning a line 
westward through the northern portion of New Yorlc The work 
was connected late in November with another line of precise levels 
which had been run during the summer of 1919 from the vicinity 
of Niagara Falls to the vicinity of Williamson, N. Y. These lines 
of levels were run at the suggestion of the officials of the Geodetic 
Survey of Canada in order to test certain lines of levels by the two 
nations which are joined at the international boundary. The idea 
of the United States Coast and Geodetic Survey and the Survey of 
Canada is to have the elevations in the leveling systems of the two 
countries harmonize wherever the leveling crosses the international 
boundary. 

A field party was engaged during the fall and early winter of 
1919 in the vicinity of Norfolk, Va., on the establishment of a speed- 
trial course for hydroplanes for the United States Navy. The work 
was difficult on account of unfavorable weather conditions and un- 
avoidable lack of proper equipment and personnel in the party and, 
in consequence, was abandoned until a more auspicious time. 

During the latter part of the fiscal year another officer took up the 
work of establishing this course for the Navy hydroplanes in the 
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vicinity of Hampton Boads and this work was in progress on June 
30, 1920. 

During the latter part of September and October, 1919, a field 
officer was engaged in the establishment of a speed-trial course at 
Rockaway Beach, Long Island, for the use of the naval air station 
at that place. This work was done at the request of the Navy De- 
partment. 

A reconnoissance for the primary triangulation of Puget Sound. 
Wash., was completed during the year. It was originally intended 
to complete the triangulation during the fiscal year, but, on account 
of the great expense, this work was postponed for the time being. 
The triangulation is to start in the vicinity of the Tacoma base net 
and extend northward to the vicinity of Point Roberts. It is a part 
of the arc which will eventually .extend from the United States 
through southeastern Alaska and down the Yukon River into Alaska. 
Wlien it is finally completed, it will be possible to put all the geo- 
graphic positions in Alaska on the North American datum. 

In the spring of 1920 the geographic position of the radio-compass 
station at Fox Hill Island, Chatham, Mass., and the true azimuths 
of several prominent objects from that compass were determined. 
The work was done at the request of the Navy Department. 

In February and March, 1920, a determination was made of the 
geographic positions of the radio-compass stations at Pass a Loutre, 
South West Pass, and Grand Isle, La. The true azimuths of several 
prominent objects from those stations were also determined. 

In August, 1919, at the request of the Navy Department, the geo^ 
graphic positions of the radio-compass stations m the vicinity of 
Cape Lookout, N. C, were determined. A true north-and-south line 
through the center of the shaft of the radio-compass coil was estab- 
lished. 

During the first half of the fiscal year two new sets of pendulums 
for the gravitv apparatus were constructed in the instrument section. 
The only difference between these pendulums and the pendulums 
which have been used during recent years for gravity determinations 
is in the material of which they are made, the nickel-steel alloy called 
invar being used in place of bronze. 

Before these new pendulums could be used in the field it was neces- 
sary to test them thoroughly in order to determine certain constants 
used in the computations and to find out what effect the magnetic field 
of the earth will have on their periods. These tests were begun in 
January and continued until about the first of Mav. Seventy-two 
swings, each about 12 hours in duration, were made during this time. 
Observations and computations to determine the magnetic conditions 
of the ]>endulums were made by the chief of the division of terrestrial 
magnetism. 

1^ regard to the magnetic effect, the results show that the periods 
of the invar pendulums are different for different degrees of magneti- 
zation of the pendulums, a decrease of more than four millionths of 
a. second having been found in the period of one of the pendulums 
after slight magnetization. This corresponds to more than four 
times the allowaple probable error for gravity determinations. 

Further experiments with these pendulums must be made in the 
field to determine what effect the shipping of the pendulums will 
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have on their magnetization and to what extent variations in the in- 
tensity of the earth's magnetic field will change their periods. 

The temperature constant of the invar pendulums was found to be 
only one-fifteenth as much as for the bronze pendulums. This means 
that the former will have a great advantage over the latter at sta- 
tions in out-of-the-way places where constant temperature rooms are 
difficult to find or construct. 

During June tests were made in the instrument section on storage- 
battery cells in the operation of the large-size electric signal lamps 
employed on primary tri angulation. Up to this time dry batteries 
have been used under field conditions. It was found that 45 pounds 
of storage batteries would run the large bulb which furnishes 2S}0,000- 
beam candlepower for 15 houi's at a proper brilliancy, while 23 
pounds of batteries ran the small 3.8-volt bulb which delivers about 
6,000-bcam candlepower for about 100 hours. 

On Julv 5, 1919, the chief of the division of geodesy sailed from 
New York for Europe to attend the meetino^ at Brussels, Belgium, 
of the International Research Council, held July 18 to 28. The idea 
of calling this meeting of the International Research Council was to 
provide for some coordination in the activities of countries in scien- 
tific matters which are of a general nature that is beyond the scope 
of any one country. Such work is the variation of latitude, the de- 
teimination of the size and shape of the earth, etc. 

The delegates to this International Research Council convention 
represented only countries which were allied in the war against the 
Central Powers. Neutral countries will be invited to join the council 
and its various branches. The International Research Council was 
organized with a central bod^ and a number of unions. Each union 
is considered to cover some major subject in scientific matters, such 
as astronomy, geophysics, etc. The work of the Coast and Geodetic 
Survey comes under the general head of geophysics, and will be 
cared for in its international aspects by several sections of the In- 
ternational Geodetic and Geophysical Union, which is a branch of 
the International Research Council. 

It had boon planned to have the chief of division of hydrography 
and topography and the chief of the section of field records, who were 
in England attending the Hydrographic Conference, proceed to Brus- 
sels and attend the International Research Council, but the illness in 
England of the first-named officer prevented their attending, and 
his death occurred about the time the conference ended. 

A number of American scientists were honored bv election to office 
in the various unions and their sections. The chief of the division of 
geodesy was elected president of the geodetic section of the Inter- 
national Geodetic and Geophysical Union. He took an active part 
in the formation of the American Geophysical Union, which is a com- 
mittee on geophysics of the National Kesearch Council, and is called 
the National Committee for the United States of the International 
Geodetic and Geophysical Union. He was the acting chairman of 
the union during the first year of its existence and was elected chair- 
man for a term of two years at the first annual meeting: of the union^ 
which was held in the National Research Council, Washington, D. C, 
April 28, 1920. 

The United States has adhered to the Neutral Geodetic Association 
to the extent of paying its annual quota. There is some question 
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as to whether the United States is obligated further to the old as- 
sociation, but this matter will be definitely settled in a short time, 
because there will be no necessity for the existence of two geodetic 
associations of an international character, and it is highly probable 
that the geodetic section of the International Geodetic and (Jeophysi- 
cal Union will take over the work and fun( tions of the Neutral Geo- 
detic Association. The latter suspended the International Geodetic 
Association when the convention under which the latter was working 
lapsed, at the end of December, 1916. 

The chief of the division of geodesy is a member of the committee 
on geophysical scieiices. Government relations, and foreign rela- 
tions of the National Research Council. He is also a member of the 
committee on exploration of the Pacific of the National Research 
Council. He has ^ven some time to the activities of these various 
branches of the National Research Council. 

He is a member of the Board of Surveys and Maps of the Federal 
Government, which has as its duties the coordination of the various 
surveying and mapping activities of the Government. He was elected 
vice chairmali of this board at its organization meeting in January, 
1920, and is also chairman of the committee on control. 

In May an officer was designated as assistant chief of the division 
of greodesy. About June 20, 1920, he started on an inspection trip, 
visiting first a party in Indiana. 

An evidence of the increasing need of the surveys made by the 
Coast and Geodetic Survey for map control is shown by the fact that 
during the fiscal year the Bureau of Public Roads loaned this Bureau 
10 automobile trucks. The Bureau of Public Roads in making the 
loan recognized the fact that the geodetic work of the Survey is Es- 
sential to the proper mapping of the country, and that maps are of 
vital importance in the extension, maintenance, and improvement of 
the roads of the country. 

During the spring of 1920 the city of Flint, Mich., requested the 
Joiui of an instrument for use in a survey which is to be made of the 
city. It is understood that the survey is to be similar to that made by 
the city of New York several years ago, under the direction of the 
Coast and Geodetic Survey. It is very likely that the computations 
of the triangulation will be made at this office. 

An officer of the Swedish hydrographic office was for a number of 
iveeks at the office of the Coast and Geodetic Survey studying the 
methods of this Bureau in carrying on its triangulation and other 
work connected with surveys for charting purposes. It had been 
hoped that this officer could visit a geodetic party in the field, but 
there was no such- party available on the Atlantic coast, and he did 
not feel justified in going to the western coast for such a purpose. 

DIVISION OF TERRESTRIAL MAGNETISM. 

The work of the division has been limited to the bare routine opera- 
tions required by the established program. 

The field work, consisting of the occupation of repeat stations for 
the determination of secular change and the establishment of new 
stations, was carried on by a single observer during the first half of 
the fiscal year ; but by reason or the loss of one magnetic observer 
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early in 1920 the field work in the second half year was limited to a. 
few stations occupied en route by an observer assigned to duty at the 
Porto Rico observatory. 

MAGNETIC SURVET. 

One observer was available for field work during the first half 
year and he was assigned primarily to the occupation of repeat sta- 
tions in the eastern part of the country. Advantage was taken of the 
delay in securing transportation for the observ.er to have him make 
a declination survey in the vicinity of San Francisco Bay in connec- 
tion with, the establishment of new ranges for the use or navigators 
in standardizing their compasses. On the way to Vieques another 
observer made observations in Florida, Cuba, Santo Domingo,. 
Virgin Islands, and Porto Rico. In all, 79 stations were occupied, of 
which 42 were repeat stations, 11 auxiliary stations, and 2 new sta- 
tions in old localities. 

MAGNETIC OBSERVATORIES. 

The observatories at Vieques, P. R.; Cheltenham, Md.; Tucson, 
Ariz. ; Sitka, Alaska ; and near Honolulu, Territory of Hawaii, were 
in operation throughout the year. Continuous photographic records 
were secured of the variations of declination, horizontal intensity, 
and vertical intensity ; absolute observations were made once a weet, 
and scale value determinations once a month. A week's observations 
usually consisted of four sets of declinations, two sets of horizontal 
intensity, and two or more sets of dip. 

The magnetic instruments used in the field were standardized at 
Cheltenham. Those used by the observer on his way to Porto Rico 
were also compared with the instruments at the Porto Rico observa- 
tory. Later they will be compared again at Cheltenhcm, and thus an 
indirect comparison between the instruments at the two observatories 
will be obtained. Magnetometer No. 40 was compared with the mag- 
netometer at the Honolulu observatory and will be returned for fur- 
ther observations at Cheltenham. 

Much trouble was experienced in securing satisfactory adjustments 
of the variation instruments at Tucson. A magnetic observer was 
assigned to duty there for a week in Augiist, 1919, to give the observer 
in charge the benefit of his greater experience. In March and ApriL 
1920, a field officer paid a visit of inspection to the observatory and 
assisted the observer in charge in a further readjustment of the in- 
struments. In order to secure more accurate timing of the seis- 
mograms, a make-circuit chronometer, modified to mark minutes in 
stead of half seconds, was installed in place of the time-marking 
clock. 

A seismograph was operated continuously at each observatory, and 
earthquakes were recorded as follows : 

Porto Rico 46 

CheUenhara 84 

Tucson 41 

Sitka 9 

Honolulu 10& 
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The observatory buildings at Cheltenham, Tucson, and Sitka were 
painted, and those at Sitka were reshingled. Repairs and alterations 
were made at Tucson and Honolulu, particularly the latter. Needed 
repairs at Vieques were deferred until it was seen what would be the 
eflfect on the magnetic instruments of an electric-light plant about to 
be put in operation not far away. A light auto truck was purchased 
for the Honolulu observatory to" take the place of the horse and 
wagon. 

APPROPRIATIONS. 

The appropriation made by Congress for the United States Coast 
and Geodetic Survey in the sundry civil act for the fiscal year end- 
ing June 30, 1919, was $1,614,280, divided as follows: 

Field expenses $494, 600 

Repairs, veasels 56, 000 

Officers and men 460,000 

Salaries, field 256. 000 

Office 266, 780 

Office exi)enses 80, 030 

Total 1, 613, 380 

For the fiscal year ending June 30, 1921, the total amount appro- 
priated is $2,041,447, divided as follows: 

Field expenses $524,280 

Repairs, vessels 64, 000 

Alterations to vessels 14, 600 

Officers and men 528,000 

Salaries, field 510, 797 

Office 308, 270 

Office expenses 90, 000 

Skylight over pressroom 1, 500 

Total , 2, 041, 447 

DETAILS OF FIELD OPERATIONS. 

Hydeographic and Topogbaphic Wobk, Atlantic Ck)A8T. 

MAINE. 

rJ. H. Hawlbt.] 

Summary or results. — Leveling: 2 permanent bench marks established, 1 mile of 
levels run. Hydrography: 1 square mile of area sounded. 29.85 miles run while sound- 
ing, 308 positions determined (double angles), 1,444 soundings made, 1 hydrographic 
sheet flnisned, scale 1 : 5,000. Wire-drag work : 198 square miles of area dragged, 863.4 
miles run while dragging, 2,070 positions determined (6 angles), 62 soundings made on 
•hoals, 1,862 supplemental soundings made, 1 tide station established. 

On July 1, 1919, wire-drag party No. 2 began the survey of the coast of Maine 
between Portsmouth, N. H., and Portland, Me., and carried on this work during 
the remainder of the season, using Cape Porpoise Harbor, Me., as a working 
base. The work originally contemplated was the survey of this coast between 
the 3-fathora and 40-fathom curves from the northern limit of the work done 
In 1917 off Portsmouth Harbor eastward to the southern limit of the survey 
of the entrance to Portland Harbor made in 1914. After some progress had 
been made it became evident that all of this work could not be completed dur- 
ing the season, and as the greater part of the future work in this region lies 
to the eastward, the work was planned to connect with the Portsmouth entrance 
survey and to be extended from this junction as far to the eastward as 
practicable. 

The work finally accomplished connects with the Portsmouth work and ex- 
tends eastward over a continuous and completely dragged area as follows: 
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Inshore work completed from Stones Rock Spindle south of York Harbor to 
Tlnil)er Ishind east of Cape Porpoise; offshore work completed beyond the 40- 
fathoni curve to a point abreast of Cape Porpoise; intermediate work completed 
to a point abreast of Wood Island. A total area of 198 square miles was dragged 
In tills aiea, HI) chanj^es in chartt'd depths weie found, none of which is d;»nger- 
ous to the vessels now using these waters. 

For work in deep water it was found that the best results were obtained 
with a C,000-foot drag controlled from the guide launch. With this length 
of drug fair progress could be made against a slight head current. It was fre- 
quently i)ossible to take advantage of changes in current by reversing the drag 
line ami the chances of loss of time due to drag failure, over those of the longer 
drag, were considerably decreased. 

A hydrographlc survey of Cape Porpoise Harbor was made during the season 
on a 1 : 5 000 scale, using the tender Edna M. This work consisted of a com- 
plete survey of the dre<lged anchorage and entrance together with some work 
outside the entrance done to supplement previous surveys. 

The liydrographic survey of Wood Island Harbor was deferred until that 
harbor Is ustMi as a base for continuing wire-drag work to the eastward. 

Soundings were obtained by the tender during the progress of the wire-drag 
woik and 1,362 supplemental soundings, well distributed over the direct area* 
were obtained. For the greater part of this work a registering sheave was 
used and iirior to the receipt of this sheave fairly satisfactory results were 
obtiiined by using the stranded sounding wire graduated in the same manner 
as a lead line and using small cloths, leather, etc., firmly attached with fine 
wire. 

On August 4 and 5 a subparty estnblished two new tidal bench marks at 
Portland, Me., and connected the automatic tide gauge there with all bench 
marks. 

Readings on the tide staff at Cape Porpoise were obtained while hydrographlc 
work was in progress and used for reducing the w^ork. 

It was found that a sufficient number of objects for the control of the work 
had been located previously, and no triangulation was done during the season. 

On account of bad weather it was decided to discontinue work at the end of 
October, and the last day's field work was done on October 30. 

MASSACHUSETTS. 
[W. C. HODGKINS.] 

An officer of the Survey has continued on duty as Inspector for the New 
England coast and in charge of the field station at Boston, Mass., with an office 
In the customhouse. 

The work of the inspector includes the collection of information in regard 
to the accuracy or the need for correction of the charts of that part of the 
coasts Included in the first and second lighthouse districts; furnishing informa- 
tion to the maritime and general public of information ccnceming the charts 
and coastwise navigation; the issue of charts and other publications to officers 
of the Government, to local agents, and by direct sale to the general public; 
the sale of buoy lists published by the Bureau of Lighthouses. 

In addition to these duties the inspector performs such special field or office 
duty as may from time to time be assigned by the Director. 

A small but instructive exhibit of charts and other publications was made 
at the Boston Motor Boat and Engine Show held In Mechanics Hall from March 
29, to April 3. 

In May, at the request of the Navy Department, the position of a new radio- 
compass station near Chatham, Mas&, was determined. 

Reference marks were established to enable the triangulation station East 
Boston Reservoir 2 to be reestablished after its removal by reason of a change 
in the elevation of the embankment. 

MASSACHUSETTS AND NEW YORK. 

[G. T. Rude.] 

In June, 1920, an inspection was made of the apparatus used in observing 
currents on the Nantucket light vessel. Through the courtesy of the Bureau 
of Lighthouses the officer making the inspection was taken to and from Ne^e 
Bedford to the station and return by a Lighthouse tender. 
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The apparatus was adjusted and put in thorough working order, and neces- 
sary items of equipment were supplied to complete the outfit required at the 
statloiL 

At New York the tide station established by the Corps of Engineers at the 
Barge Office was examined, and Inprovements in methods and apparatus were 
made. 

The tide station at Fort Hamilton was inspected, and arrangements were 
made to supply a new drive clock for the automatic gauge in operation at 
that station. 

RHODE ISLAND. 

[F. B. T. SiBMS.] 

Summary of Results. — Triangula tion : 2 stations In main scheme occupied for 
horlxontal measures, 8 geographic positions determined. Leveling: 6 permanent bench 
marks established. 1.8 miles of levels run. Hydroj?raphy : Wiro-draR work — 175 square 
nules of area dragged, 201.4 miles run while dragging, 1,347 positions determined 
[double augj«>8) , 32 soundings made, 19 retained soundings, scale or hydrographic sheets 
1:40,000 and 1:20,000. j » »- 

After discontinuing the tidal and current survey of Block Island Sound 
on June 30, 1919, arrangements were hegun on July 1 for taking up wire drag 
In accordance with instructions. The party was quartered at Block Island, 
B. I., during entire season of field work. 

During the first half of July the party was chiefly engaged in Installing 
^re^lrag equipment aboard the new wire-drag launches Rodgers and Ogden. 

On July 8 the drag master of the party returned to Block Island with the 
30-foot tender, from Annapolis, Md., where this launch was built. The three 
launches were ready for field work on July 15. 

The field work assigned to the party consisted mainly of offshore wire 
dragging In the approaches of Narragansett Bay and Block Island Sound 
and the completion of work in Block Island Sound. The Inshore areas to be 
dragged included the waters south of Block Island and those along the Rhode 
Island shore westward from Point Judith. 

During the greater part of the season the party was seriously handicapped 
by generally unfavorable weather for offshore work. Also the inshore areas 
were used extensively for lobstering, thus limiting the progress of the work 
liere. The dragging being a considerable distance offshore, it required ideal 
weather, principally a very clear atmosphere, accompanied by moderate 
weather. This condition was very seldom obtained for an entire working day, 
and as the mornings generally appeared unfavorable it was questionable 
ifhelher or not it would be advisub:e to make a long run to the working 

grounds and later in the day obtain favorable seeing and other conditions. 
A more or less thick haze always accompanying the prevailing southwest 
winds of this locality during the summer and early fall limited field work 
to areas close Inshore for several periods of as much as 10 days. 

The field work in general was planned so as to take advantage, if possible, 
of favorable currents in going to and from the working grounds on long 
nms and also while dragging. In the latter case It was almost impossible to 
do otherwise on account of the strong currents. Wire-drag work in Block 
Island was undertaken in July and August, in the approaches to Narragansett 
Bay during September and October. Inshore areas were dragged when it 
was impossible to accomplish offshore work on account of poor visibility 
or rough sea. 

The offshore wire-drag work to the 20-fathom curve south of Narragansett 
Bay and Sakonnet River and east-northeast of Block Island, joining with 
previous completed work, was completed with the exception of a few small 
areas to the eastward and an area of about 30 square miles surrounding east 
ground. The offshore areas left unfinished by previous parties in eastern half 
of Block Island Sound were covered with the wire drag during the season. 
The inshore work south of Block Island was practically completed. Some 
In-shore work was also accomplished along the Rhode Island shore west of 
Point Judith; the greater amount of this work, however, remains to be done, 
including some dragging off Point Judith. In all 175 miles were covered with 
the wire drag during the season. 

The new wire-drag launches with few exceptions were found to be excellent 
boats for the purpose for which they were designed. The ease of maneuvering 
the launches while towing drag and the absence of engine trouble have added 
Immensely to the eflBiclency of the wire drag. 

12783—20 « 
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An automatic tide gauge was kept in operation througliout the season and 
supplemented by tide observations made at BIocIj Island while engaged in field 
work. Three objects useful for control of hydrographic surveys in eastern Block 
Island were located by trlangulatlon. 

An Important discovery by the wire drag was made in finding a 34-foot 
bowlder In a general depth of 66 feet about 1} miles south of Block Island. 
Several bowlders were found close Inshore along the Rhotle Island shore. The 
offshore areas dragged during the siMson were found to be frei' of obstnictlons. 

On November n, after a severe storm period of five days, it was conslderfHl thnt 
further resumption of field work would be uneconomical, and the party left 
Block Island on November 9 and proceeded to Fairhaven, Mass., for the purpose 
of hauling out the wire-drag launches and storing equipment for the winter. 

NEW YORK. 

[Isaac Winston.] 

The New York field station has supervision over the coast from Narragansett 
Bay, R. I., to Cape May, N. J. 

The duties of the inspector include the sale and distribution of publications 
of the Coast and Geodetic Survey and Bureau of Lighthouses. 

Necessary repairs were made to the automatic tide-gauge station at Fort 
Hamilton, N. T. 

Tidal data and tables of sunrise, sunset, moon rise, and moonset were prepared 
and furnished to a number of publishers. 

Preparations were made for a tide and current survey of New York Harbor. 

A hydrographic survey and revision of the shore line of Gravesend Bay, N. Y., 
was made under the direction of the Inspector using the launch Elsie III. This 
work began July 28 and ended August 19. The field work of the tide and current 
survey was begun August 20 and continued until December 24, when work was 
suspended for the winter. 

This work was done In cooperation with the officers of the Corps of Engim^ei**?, 
United States Army, charged with deepening the water In East River from deep 
water In the bay to deep water In Long Island Sound. 

A visit was made to Monmouth Beach, N. J., with a representation of the 
United States Shipping Board with a view to the proposed establishment of a 
speed-trial course. 

Advice and assistance were furnished the attorney general of the State of New 
York In a case concerning the ownership of Rockaway Point. 

Information for the correction of the charts. Coast Pilots, and tide tables was 
obtained from officers of the Government and others and transmitted to the 
office of the Survey In Washington. 

Data relating to charts and other nautical publications was furnished in reply 
to numerous requests. 

Astslstance was furnished to the officer In charge of the motor-boat show In 
February and the nautical exposition in April in arranging and explaining the 
exhibits by the Inspector, and the services of the clerk were placed at his 
disposal. 

A compilation covering the port facilities of the principal ports of the United 
States was prepared for use at the nautical exposition. 

The compilation of tidal data requested by the Brooklyn Eagle covering 10 
subordinate stations on Long Island for 1921 was completed. 

An ln5?pectlon was made of the sales agencies for publications of the Survey 
In New York City, and a report on each was submitted. 

Summary op results. — Physical hydroj?raphy : 19 current stations occupied, 4 tide 
stations occupied, 12 pormanent bench marks established. 

A tidal and current survey of N( w York harbor was mnde between August 20 
and De ember 24. 1919, by Ja^k Senior, under the direction of the inspector in 
charge of the field station at New York. 

Mr. Senior lived on the launch and had entire charge of the work and control 
of the launch and crew. 

Th(* work was done under very difficult, and, at times, hazardous conditions, 
due to the congested traffic in New York Harbor, night and day. At certain 
stations the current ob.servations were made only in the day, as traffic condi- 
tions made It too difficult to work at night. On several occasions It became 
necessary to cut the anchor line, when the danger of collision with tows became 
imminent. 
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Buoys were attached to the anchors in anticipation of this condition, but in 
every case the buoy was carried away with tlie tows, and the anchor was lost. 

The direction of the current was obtained by using floating poles inmiorsed 
to a depth of 15 feet. 

A self-registering tide gauge was maintained at Spuyten Duyvil at the Hud- 
eon River entrance to the Harlem River while the curnmt observations were 
in progress. 

Self- registering gauges were in operation in the Hudson River under the 
dii-^Htion of the Corps of Engineers, United States Army, at Forty-second Stret»t 
and Pier A, Battery, and the records at these stations were used in redu Ing 
the current observations. 

Daily staff readings (once each day) were made while the current observa- 
tions were in progress. 

Three tide staffs were established in Kill Van Kull and readings were made 
while current observations were in progress in that locality. 

On August 25 the first current station was occupied in the Hudson Rivei 
for 51 continuous hours. The current work at first was confined to the Hudson 
River and the Upper Bay. The 16 stations listed In the instructions for above 
two locjilltles were completed on November 13. Continuous day and night ob- 
servations for 51 hours were obtained at 12 of the 36 stations; day observa- 
tions of 4 days of 12 continuous hours at each day's occupation, were made 
at 3 of the stations; and 2 series of observations of at least 24 continuous 
hours each, were made at 1 station. No tidal observations other than that at 
Spuyten Duyvil were made by this party. There were, however, a number of 
automatic gauges of the city of New York and of the United States Engineers in 
operation during the entire period that current work was in progress, records 
from which are available. Following the completion of work in tlie Hudson 
River and the Upper Bay, the tide and current survey of Kill Van Kull was 
begun on November 14. This work was completed on December 13. The tide 
and current survey of New York was closed on completion of the work In 
Kin Van Kull. 

The compass deviation was obtained on September 29 and on October 4 by 
the method of ranges. 

Summary of results. — Trinngalation : 8 stations occapied for horizontal measures, 
20 geographic positions determined. Topography: 6 miles of shore line run, 13 points 
located by planetable hydrography ; 69.5 miles run while sounding. 653 positions deter- 
mined (double angles), 2,296 soundings made, 1 tide station occupied. 

The launch Ehie III was transferred from the Navy Department to the Coast 
and Geo<letic Survey at Boston, Mass., on June 12, 1919, and Jack Senior, who 
had been assigned to the party, was sent to Boston to receive the launch and 
briDg her to New York. lie performed this duty without delay and landed the 
launch at the lighthouso depot at Tompkinsvilie, Staten Island. 

After some delay and difficulty a crew was employed, estimates for outfit were 
prepared, bids were obtained, and the outfit was purchased before June 30. 

On July 9 the launch was taken to the Marine Basin and remained there until 
the 25th. when she proceedeil to the W. F. Ruddock Yacht & Boat Works for 
repairs. 

Under instructions dated July 7, J. H. Peters was relieved of the survey of 
Gravesend Bay after three triangulation stations had been occupied under his 
direction, and field work began on July 28 by Jack Senior under the direction 
of the Inspector. 

The topographic survey of Gravesend Bay was completed while the Elaie III 
was undergoing repairs in the Harlem River. While the Elsie III was in the 
shipyard and not available, the inshore hydrography was run with a small motor 
cutter loaned from the Navy. The repairs on the Elaie III were completed on 
August's and on August 11 the hydrography was continued with the Elsie III. 
The survey of Gravesend Bay was finished on August 16, and the tide and cur* 
rent work in New York Harbor was then commenced. Additional development 
work on the hydrographic chart, however, was deemed necessary, and Instruc- 
tions to that effect were contained in the Superintendent's letter of December 6, 
1919. This supplementary survey was dt^layed for a week because of unfavor- 
able weather conditions, but was finally completed lu two clays — December 20 
and 21. 
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DELAWARE AND MARYLAND. 

[Paul Schurbman.] 

In May, 1920, the automatic tlde-jiaufre station at Lewes, Del., the operation of 
which had been interrupted by construction worlc, was reestablished, and the 
automntlc gauge was started on the evening of May 27. 

Afterwards the automatic tide-gauge station at Aberdeen, Md., was inspected, 
and lines of leveling were run between the various bench marks and the tide 
staff. 

DELAWARE AND FLORIDA. 

[R. F. LucB^ Commanding Steamer Isis.} 

SuMMAEY or RESULTS. — Hydrography: 213 square miles of area sounded; 647.6 miles 
run while sounding; 2.271 ponitions determined by anglcH. log, or otherwise; 9 stations 
occupied by ship to locate shore or offshore objects ; 06 angles observed by ship to locate 
shore or offshore objects; 1 shore object located by angles from ship; 10 offshore buoys 
or objects located by angles from ship ; 17 surface temperatures taken ; 99 bottom spect- 
mer.H taken ; 1 log test made ; ship swung for compass deviation at 1 station ; 6 current 
stations occupied ; 111 current observations taken. 

While the steamer Isis was undergoing repairs at Baltimore, prior to taking 
up the season's work off the entrance to Delaware Bay, an officer had been In- 
structed by the Superintendent to erect such signals as might be necessary for 
the work. In accordance with the^e instructions, this officer preceded the ship 
to the field of work, erected two tall-type signals and located them and a num- 
l)er of natural objects useful for signals for the offshore work. Therefore, when 
the steamer Isis arrived on the working grounds all the signals required for the 
work had already been built and located. 

For the use of the ship in the control of the offshore work six survey buoys 
were used as offshore signals. These buoys consisted of one first-class tall-type can 
buoy and five first-class ordinary type can buoys, loaned to the service through 
the courtesy of the superintendent of lighthouses at Baltimore, Md. On each 
buoy a 20-foot superstructure was erected, similar to those used in this class of 
work in past seas<ms, except that on ea h buoy an acetylene light was installed, 
as it was not consi(]ere<i safe, either to navigation or to the buoys themselves, 
to place them in this area, where there is considerable traffic, without some Idnd 
of light. These lights worked only fairly well, and a considerable objection to 
them was that the gas tank would last only about three weeks, when It then 
would have to be renewed. 

The six survey buoys were not placed by the lighthouse tender, due to pres- 
sure of work in that service, until the 9th and 10th of September, and then It 
was found that the superstructures, lights, and gas tanks made the buoys so 
heavy that they would not stand vertical, which greatly decreased their visi- 
bility. This was finally corrected by putting a ballast ball on each buoy, but 
not until the latter part of the month, when the season's work was more than 
half over. The result was that no work offshore, which requires the best of 
weather, could be done prior to the 10th of September, and only with difficulty 
before the buoys were righted the latter part of that month, so that, during the 
time when the weather was favorable for offshore work, the buoj's were not 
available, and later when the buoys were available, the weather had turned 
so unfavorable that work offshore was seldom possible. This of course resulted 
in very little offshore worl^T being done. 

Although the buoys were placed on the 9th and 10th of September, weather 
suitable for locating them was not obtained until the 15th. The buoys were lo- 
cated in the u«ual manner, by sextant cuts from the ship at anchor, the ship 
being located by sextant angles on shore objects. The six survey buoys were 
placed 3i miles apart and in a line parallel to the shore and lOi miles from 
shore. 

The Isis arrived at Lewes, Del., to take up the season's work on August 26, 
and left for Washington, D. C, after completing the season's work on Octo- 
ber 21, 1919. During most of this time a large percentage of working time was 
lost on account of unfavorable weather conditions. Very clear weather, so 
desirable for work in the vicinity of the Survey buoys, was extremely rare, 
and there were a number of very hazy days, on which practically no work 
could be done. After the middle of September fresh northeasterly weather 
was very prevalent, and there were very few days on which even inshore 
work could be done and practically no days suitable for offshore dead- 
reckoning work. 
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K^early 40 per cent of the entire time that the ship was on the working 
grounds was lost on account of bad weather, and during the last three weeks 
that tlie ship spent in tills section, during tlie first three wet»ks of O tober, 
y^ork. could be done only on two days of each week. The hydrography done 
off the entrance to Delaware Bay in this vicinity was of two main classes — 
Insliore work where the locations were on fixed objects, either shore or off- 
sbore, and ofl^ore dead-reckoning work. 

Tlie inshore hydrography covered an area extending from the southern end 
on Hen and (chickens Sh«uil. about 2 miles south of Cani* Henlopen Lighthouse, 
to about 2 miles north of Bethany Beach, and from about the 3-fathom curve 
out to about 14 miles offshore. All of the work. was located by sextant an^^les 
either on shore objects or on the Survey buoys. All soundings were taken 
from the ship while under way and proceeding at a speed of about 4i knots, 
and the method of sounding was by hand lead up to depths of about 12 
tattioms, and In deeper water by means of trolley sounding apparatus, as pre- 
viously used in this chiss of work. 

In general, soundings were taken as rapidly as the lead line could be hauled 
In, and sounding lines were run normal to the general trend of the coast, in 
an easterly and westerly direction. Lines were spaced one-fourth mile apart 
over broken areas and In depths less than 8 fathoms, one-half mile apart in 
depths from 8 to 10 fathoms, 1 mile apart in depths from 10 to 12 fathoms^ 
and 2 miles apart in greater depths. Developments were made whenever the 
soundings showed the necessity for it. 

The inshore work from the beach out to the outer limit of visibility of the 
shore signals was completed before the ship left the working grounds. A 
iarf^e amount of the work in the vicinity of the Survey buoys was likewise 
completed. 

The dead-reckoning work done in this vicinity was of the type recently 
adopted, and consisted in starting from an anchorage just outside the line of 
Survey buoys, located by sextant angles on the buoys, running out on course 
and distance in a direction normal to the general trend of the shore line,, 
anchoring every two hours for current observations, and returning on a par- 
allel course in like manner to an anchorage just outside the line of Survey 
buoys, and located by sextant angles on the buoys, the error of closure being 
distributed throughout the run. On these lines soundings were taken as rap- 
Idly as possible, being by means of hand lead in depths less than 12 fathoms 
and by means of trolley sounding apparatus in greater depths. Lines were 
spaced in accordance with the instructions, as explained in the previous para- 
graph under inshore work. 

In connection with the offshore dead-reckoning work, current observations 
were taken at the beginning and end of each soundtng-line run and at two- 
hour intervals on the line. Also, current observations were made whenever the 
ship was at anchor on the working grounds, except that during the latter part 
of the season the serious shortage of experienced officers made it necessary to 
discontinue night work after a working day. 

Current observations were also in progress on Overfalls Light Vessel during 
the progress of the work. 

In order to obtain accurate compass deviations for the correction of courses 
8teere<l on offshore dead- reckoning work, the ship was swimg accurately for 
compass deviations on August 29, 1919, off the entrance to Delaware Bay. 

In order to obtain accurately the distances run in the dead- reckoning work 
offshore, all the patent logs were tested accurately at the beginning of the field 
season by running the ship at various speeds a number of round trips over a 
measured course, thus giving a correction for each log at different speeds of 
the ship. 

The instructions for the season's work provided that bottom specimens should 
be obtained at points well distributed over the working grounds, In order to- 
determlne whether or not they might prove of value to navigation. These 
Instructions were carefully carried out, and a large number of bottom speci- 
mens were obtained at close Intervals over the area covered by soundings by 
means of soap placed on the bottom of the lead. 

In order to facilitate and to increase the accuracy of dead-reckoning work 
and current observations a new compass card was installed on the standard 
compass, the new card being the one recently adopted by the Navy, and on 
which degrees are the only marks shown, points being entirely omitted. The 
circle is graduated all the way around to 360*. The use of the new card 
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deinonPtmted Its great superiority and was approved by all the iielmsmen and 
the officers. 

On October 21, 1919, the almost continuous bad weather which the ship had 
expi^riencecl throughout the month made it advisable to discontinue field work 
In the vicinity of Delaware Bay. Accordingly the Ms sailed on that date for 
Washington, D. C, to prepare for repairs. 

Ropiiirs were In progress until December 12, when the lais sailed for Nor- 
folk, Va., to take on stores from the naval base there, taking with the ship 
from Curtis Bay, Md., two wire-drag tenders which were to be taken to the 
Pacific coast by moans of naval collier. These tenders were turned over to 
the i:avy yard on December 16. stores were taken aboard on the 17th, and the 
Isis sailed for Charleston, S. C, on the 18th for the purpose of arranging for 
Survey buoys for the coming season's work arriving there on the 20th of Decem- 
ber. The subsequent movements of the ship are given in the following para- 
graphs : 

Prior to the arrival of the steamer Isis on the working grounds an ofllcer 
had been instnicted to erect such shore signals necessary for the work. In 
accordance with these instructions this ofllcer was detached from the steamer 
Ifiis on December 9, 1919, went to Washington for detailed instructions and 
then went to St. Augustine, Fla., where he took up the work of erecting and 
locating signals. 

Owing to the difficulty of obtaining labor and other causes of delay only one 
signal had been built and located and one other bnilt but not located before 
the JsiH was reuay to start work, but three of the signals erected in 1917 were 
still standing. These signals made it possible for the Isis to start work, but 
only on a restricted area at the northern limit of the work. 

On Deci'mber 20 the lais arrived at Charleston, S. C, for the purpose of 
arranging with the superintendent of lighthouses there for Survey buoys needed 
for tl:e coming season's work. The Isis sailed for Jacksonville on the 30th 
of December, arriving there on the 31st. Five Survey buoys were made there 
and the Isis sailed for the working grounds on the 13th. One Survey buoy 
was dropped that day, and two more the following day. Due to a change in 
methods of anchoring the buoys, wire suitable for anchor wire was exhausted 
after tl^e three buoys were dropped, so it was decided that on the next day 
patent logs should be tested if the weather was fine and that sounding work 
should be taken up if the weather was not fine enough for log tests. 

The next day, January 15, proved to be a perfect day, so the ship proceeded 
inshore to lay out a course for log tests, the only place available on account of 
shortage of shore signals being directly abreast signal ** Cres " and almost half- 
way between the wreck of the dredge Florida and the beach, where positions 
for locating the marker buoys would be sufficiently strong. The southern 
inark(»r buoy was dropped and located and the ship headed up for the next 
imsiHon. When nearly up to this point a small, almost submerged, moss-covered 
buoy was sighted, the ship was stopped promptly, angles were taken to locate 
the ship, and in leaving the locality the ship struck a submerged object, prob- 
ab'y the wreck of the dredge FloHda Incorrectly located on the chart, causing 
the ship to leak so badly that she had to be beached Immediately to prevent her 
from sinking in deep water. Wrecking concerns were summoned and consider- 
able work was done In the attempt to get the ship off and to salvage GJovem- 
ment property aboard the vessel. However, bad weather coming up early In 
the morning of January 20 drove the wrecking concerns away from the ship 
and made it necessary for all officers and members of the crew to leave the 
ship and camp on the beach abreast the vessel. Continued attempts were 
made to get wrecking assistance, but without avail, and meanwhile the condi- 
tion of the ship became such that on January 26 instructions were received 
to abandon the vessel, and on January 28, 1920, the wreck of the steamer Jsis 
was sold to a salvage concern. 

About 4 miles north-northeast of Matanzas Inlet on the Florida coast the 
chart shows a spring, with a depth of 21 fathoms, surrounded by depths of 
about 9 fathoms. This spring was near the northern limit of the work as- 
signed to the /«<«, and although no Investigations were made before the Jsia 
was lost. It was plainly seen from the ship on the evening preceding the day 
of the accident and also on the morning of the accident to the Isis, The sea 
was quite smooth at the time, and the spring was indicated by a considerable 
disturbed area, caused probably by the bubbling of the spring. It Qould be seen 
plainly from a distance of two or three miles, which was the nearest the /«♦« 
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approached it Prom statements of various residents of tlie coast in tliat 
vicinity it was learned the area covered by the spring is several hundred yards 
in extent, and that the water is cold, extremely salty, bitter, and full of sulphur, 
probably very similar to the sulphur water found ashore; all state that the 
water is much saltier than the ocean water. 



[H. A. SERANt Commanding Steamer Baohe,} ^ 

Summary op results. — Levrline; : 5 permanent bench marks established, li miles of 
levels run. Magnetic work : Ship swung for magnetic deviation at 2 stations at sea. 
Hydrography : 480 square miles of area covered, 1,0(19.8 miles run while soundlnt;, 4,432 
posltioDS determined (double angles), 23,024 soundings made, 3 tide stations established, 
79 current stations occupied. Scale of hydrographic sheets, 1 : 40,000 and 1 : 80,000. 

From July 23 to October 24 the steamer Bache was engaged in a hydrographic 
survey of the entrnn(e and approaches to Chesaptuike Hay, extendin;? oltshore 
to the 100-fathom curve and inshore approximately to the Ti-foot curve and to 
a junction with completed work the limits of which lie approximately on a line 
joining the quarantine tank on Fishermans Island with Cape Henry Lighthouse. 
The hydrography was extended north from the parallel of 36° 50' to the 
parallel of 37'', and east from the shore south of Cape Henry within the limits 
of the sheet, and the completed work at the entrance to Chesapeake Bay to the 
17-fathom curve, with one line extending out to the 100-fathom curve. Three 
lines were run to the 100-fathom curve, but the closing errors of two of them 
were so large that two of them were rejected. About 12 miles east of Cape 
Henry an area of exceed in^jly broken bottom was encountered, and considerable 
development work was necessary. 

The shoals in this region are a source of confusion to the navigator, and one 
shown on Chart 1222 in latitude 36° 54' 30*' N. and longitude 75° 42' 46" W. is a 
menace to Hampton Roads shipping. Vessels drawing 30 feet might strike on 
this shoal in a heavy sea. 

In general, sounding lines spaced a quarter mile apart were run eastward to 
the limit of visibility of the buoys. At the entrance to the bay the lines were 
epaced about an eighth of a mile apart. Bast of the limit of visibility of the 
buoys dead-reckoning splits were run to the 17-fathom curve. At the beginning 
of the season It was planned to space the lines 2 miles apart from the limit of 
visibility of the buoys eastward, but the broken bottom in this vicinity made it 
nec^fwai^y to run the lines at much closer intervals. 

Three tall hydrographic signals 100, 96, and 40 feet In height, respectively, 
were erecte<l for use in this work, and these, in connection with landmarks on 
shore, furnished control for the hydrographic work. 

The offshore signals used were second-class tall-type can buoys loaned by the 
Lighthouse Bureau for this purpose. Each buoy was fitted with a 25-foot 
superstructure with a temporary light of the ordinary marine gas type attached 
to the superstructure. These lights were placed on the buoys to prevent their 
being a menace to navigation. The buoys were placed in position about 10 or 
12 Dilles offshore and parallel with the coast line. 

The methods used in the dead-reckoning work followed the usual practice. 
Anchorages for current observations were at first made at two-hour Intervals, 
but this was afterwards re<iuced to a little over an hour. In running the splits 
from the buoys to the 17-fathom curve the soundings were made In oiie direc- 
tion only, anchoring for currents at the beginning of tlie line and again at the 
finish. 

In sounding, the hand lead was used to depths of 15 fathoms, the trolley 
system from 15 to 25 fathoms, and the electric sounding machine at greater 
depths. 

An automatic tide gauge was established at Assateague Anchorage, Va., and 
maintained throughout the season. This was used for the reduction of sound- 
ings In all the work except for a small amount at the entrance to Chesapeake, 
for which a staff erected on Fishermans Island was used. Simultaneous 
observations were made to connect the automatic gauge at Assateague, the 
staff on Fishermans Island, another staff at Lynnhaven Inlet, and an automatic 
gauge at Old Point Comfort. The tide staff at Fishermans Island and the gauge 
at Assateague Anchorage were connected with permanent bench marks. 

An attempt was made to obtain tidal observations at a point offshore, about 
8 miles east of Cape Henry, but with little success. A series of current observa- 
tions was made at hourly intervals at the same station. 
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Frequent tests were made during the season of the logs used In determining 
the ship's run. 

[T. J. Mahbr, CommandlDK Steamer Sialia.] 

After undergoing repairs at Arundel Cove, Md., the steamer Sialia was taken 
to the naval operating base, Hampton Roads, Va., arriving October 1. On 
October 6 the Sialia was transferred by the Navy Department to the CJoast and 
Geodetic Survey. Supplies were obtained, and on October 9 the vessel got under 
way, anc^ after compasses were adjusted the vessel proceeded to sea under In- 
structions to run a line of soundings along meridian 70** 25', starting at latitude 
36" N. and ending at 23° N. off Tlburon Bay, sounding was to be resumed and 
continued until the coast of Panama was reached. Soundings were also to be 
carried from the Pacific end of the Canal to San Diego Bay, Calif. 

Nine soundings were taken, the first on October 10 in latitude 35* 48' N., and 
the last on October 14 In latitude 25** 13' N. Owing to trouble with the boilers 
the Sialia was unable to proceed under her own power, and on October 18 was 
taken In tow by the Coast Guard cutter Tuscarora and taken to Nassau, 
Bahamas, and afterwards to Key West, Fla., for repairs. 

After leaving Key West for Haiti by way of the north coast of Cuba further 
trouble with the engines forced the vessel to put into Nuevltas Bay, Cuba, where 
additional repairs were undertaken. 

VIBGINIA. 

[L. A. Potter, Commanding Steamer Ontoard,] 

SUMMART OF RESULTS. — leveling: 4 permanent bench marks established. Topography; 
3 square miles of area surveyed 6 miles of shore line of rivers surveyed, 7 miles of 
shore line of creeks surveyed, 20 miles of .roads surveyed, 2 topographic sheets finished, 
scale 1 : 10.000. Hydrography, 22.25 square miles of area covered. 389.2 miles run while 
sounding, 2.592 positions determined (double angles), 18.564 soundings made, 6 tidiil 
stations established, 2 hydrographic sheets finished, scale 1 : 10.000. 

From July 1 to September 9 the steamer Onward was engaged on a hydro- 
graphic and topographic survey of Hampton Roads and tributaries. On Sep- 
tember 9, the vessel left Hampton and was detained at Norfolk, Va., waiting 
for a chief engineer to report. One day of hydrography and work on the field 
records was done while at Norfolk. 

Work on the hydrographic sheet, including the south side of Hampton Roads, 
was taken up on July 9 and completed September 18. This slieet covers t^e 
south side of Hampton Roads from Nansemond River to Elizabeth River and 
a section of Elizabeth River and Tanners Creek. 

Work on a hydrographic sheet off the wharves of Newport News was taken 
up August 21 and completed September 4 This work was done In order to 
make the hydrography on Chart No. 400 complete. 

One day of hydrography was done on July 29, In searching for a 29-foot 
sounding in the records of the steamer Hydrographer during the previous 
season. The sounding was disproved. 

Work was In progress on June 30, on a topographic sheet, covering the east 
side of Hampton Roads and Elizabeth River, and another on the south side 
of Hampton Roads and a portion of Elizabeth River. These sheets were com- 
pleted In August. 

Six tidal stations In Hampton Roads were occupied in connection with the 
hydrographic work. Under orders dated June 20, tidal readings were made 
at Lynnhaven Inlet from July 28 to 31, Inclusive, simultaneously with readings 
by the steamer Bache at Smith Island and with automatic tide gauge readings 
at Assateague Anchorage and Old Point Comfort. 

Work was continued during the entire period covered by this report, in 
overhauling the vessel and her equipment, making minor alterations, and other 
work In connection with fitting her for survey duties. Considerable repair 
work on the vessel was done by United States Shipping Board yard in Hampton. 

Four large launches, the Mikatvey Wildcat, Scandinavia, and Lydia IlL were 
cared for during most of the period covered by this report. Considerable 
time was required In pumping them out, wetting down decks, and other work in 
connection with their maintenance. On August 1, the Scandinavia, WUaca^ 
and Lydia III were towed to Norfolk Navy Yard for shipment to Puget Sound 
by a Navy transport. The I/ydia III and Wildcat were afterwards returneo 
to Hampton. The Sca/ndi/navia was shipped. The Mikawe was loaned to tne 
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^^Xaw^^ll^^ ^J'?^i'.*'^?lV'^ ""^ ^^^^^ ^^ Onward was tied up at Hampton, 
OT sStemi^r 5 '^*^'*® transferred to the charge of a ship's officer 

VIRGINIA. 
[J. D. POWBLL.1 

In December, at the request of the Navy Department, a survey had been begun 
by the steamer Bache along the west shore of the naval base at Hampton, Va. 

When the Bache left Norfolk for Pensacola, Fla., instructions were issued 
pladng this work in charge of J. D. Powell, who was detached from the Bache 
for the purpose of continuing the survey. 

At the time when the work was turned over to Mr. Powell on December 19, 
soundings had been made from the north side of the Ferry wharf at Pine Beach 
along the west shore of the naval base nearly to the north end of the submarine 
basin. Several small areas were left unsurveyed on account qf obstructions 
existing at the time. 

After that date hydrographic work was done on one day when 3 miles of 
soundings were run extending off the north shore of the base. Planetable work 
was done to furnish additional signals which were necessary for continuing the 
work, and spirit levels were run connecting the tide gauge with mean low- 
water datum. 

Owing to unfavorable weather and the difficulty of obtaining the assistance 
required in sounding, on February 5 instructions were issued to the officer in 
charge of the work to suspend operations and report at the office of the Survey 
in Washington. 

NOBTH CABOUNA. 

[J. H. Haw LIT, Commandiiig Steamer Onward.] 

ScMMART OP RESULTS. — ^TrlangulatloD : 63 square miles of area covered, 21 small and 
10 lar^ signal poles erected, 8 stations In main scheme occupied for horizontal measures, 
2 stations In supplemental schemes occupied for horizontal measures, 13 geographic 
positions determined. Leveling: 6 permanent bench marks established, 2 secondary 
bench marks established, 1 mile of levels run. Topography: 40 miles of shore line of 
rivers run, 76 miles of shore line of creeks run, 2 topographic sheets finished, scale 
1 : 20,000. Hydrography : 76 square miles of area covered, 602 miles run while sounding, 
2,73S positions determined (double angles), 24.106 soundings made, 3 tide stations cstab- 
U«hed, 1 hydrographic sheet finished, scales of hydrographic sheets 1 : 5,000, 1 : 10 000, 
and 1:20,000. 

On Jftnuary 29, 1920, the command of the steamer Ontcard was transferred to 
J. H. Hawley. 

From January 24, 1920, until March 8, 1920, the steamer Ontcard was under- 
going repairs at Savannah, Ga. Repairs were completed at noon on the 8th, 
and the vessel left Savannah immediately after completion of repairs bound 
for Neuse River, N. C, to take up Survey work in accordance with instructions. 

The vessel arrived at Oriental, N. C, which had been selected as headquarters, 
on March 22, 1920, after a stop at Charleston, S. C, for coal and to transfer 
supplies and equipment from the steamor f^ialia, and after considerable delay 
at Charleston and Southport, N. C, due to bad weather. 

On March 23 the vessel proceeded to New Bern, N. C, for coal and other 
supplies, returning to Oriental on the 25th. While in New Bern a consulta- 
tion was had with the Army Engineers relative to the work to be done in 
Neuse River and vicinity. 

In order to obtain water at Oriental it was found necessary to lay a 700- 
foot pipe line to the railroad dock, and this work was done after returning from 
New Bern. 

Field work in the Neuse River was begun on March 26, 1920. and continued 
until the 23d of June. This work was Interfered with considerably by the heavy 
winds that are encountered in this region, by the scarcity of coal at New Bern, 
and by the poor quality of the water obtainable, which necessitated frequent 
cleaning of boiler. 

From April 6 to May 6, 1920, certain alterations were made in the arrange- 
ments of the vessel. 

Twenty-one stations established by the Engineer Corps, United States Army, 
and by the Coast and Geodetic Survey in Adams Creek were recovered and 
small pole signals erected. At the entrance to Adams Creek the stations Alpha, 
Adams, and Great Neck Point were recovered and the line Alpha to Great Neck 
Point used to locate stations Daw and Sand Beach 3 on the opposite bank of 
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the river, the latter to replace the old station Snnd Beach 2 which could not be 
recovered. From these stations Garbacon beacon and Adams Creek entrance 
beacon were located. 

Large tripod signals were built over all stations for hydrographic use. 

Fur the topograpliic work projections with the same limits as the old projec- 
tions w« re used when practicable. On these projections the o'd shore line was 
shown in pencil. A topographic traverse was run along the shores of the creeks 
and the river to determine changes in shore line, particular attention being 
paid to the various points. During the course of this traverse small signals for 
inshore hydrographic work were established at intervals of about 400 meters. 
These signals consisted of whitewashed trets, whitewashed sluts nailetl in vari- 
ous fonns on trees, et •. Control for the work in Broiul Creek was established 
by planetiible triangu^ation. 

On the south bank of the river the shore line revision was carried from Great 
Neck Point eastward to Rattan Bay, including Adams Crei k. On the north bank 
the revision was carried from station Daw, on the first point east of Dawson 
Creek to Maw Bay including all creeks. 

Hydrographic work was started with the survey of Adams Creek after which 
the work In Neuse River was taken up. The general plan of work used was to 
run the lines in the river outside the 12-foot curve with the Navy launch or 
ship and to run the lines Inside the 12-foot curve and in the creeks with launch 
No, rm, a fiat bottome<l boat. This arrangement proved to be very satisfactory, 
and the use of the ship for hydrography especially so. 

The hydrography of Adams Creek was completed except for a few lines of de- 
velopment work, and one day's work was done in the entrance to Oriental 
Harbor. In the Neuse River the hydrographic work was started from the line, 
outside the 12-foot curve, to the mouth of the river. The inshore work on the 
south bank was extended e 'Stwanl to Brown Creek and on the north bank east- 
ward to, but not including, Broad Creek. 

An antomatic tide gauge was placed in operation at Oriental on Mar h 29 
and continued to the end of the year. Three standard bench marks were es- 
tablished. 

A tide staff was installed on the outer range beacon off Cedar Creek in Adams 
Creek, and observations obtained when hydrographic work was done in the 
creek. Three standard bench marks were established. 

On May 12 a tide staff was installed at Neuse River Lighthouse and continued 
In operation for the remainder of the year. 

GEOBOIA. 

[H. A. Marmer.] 

In May and June, 1920, the apparatus and methods used in observing cur- 
rents on the Brunswick and Frying Pan Shoals light vessels were inspected 
and the Instniments and apparatus put in good working order. 

Transportation was furnished by the Lighthouse tender Cypress. 

FLORIDA. 

[H. A. Seran, Commanding Steamer Bache.^ 

Summary of results. — Hydrography: 1,651 square miles of area covered, Ij^l^-^. "j!!? 
run while sounding. 5.644 sounding made, 159 current stations occupied, scale of byaiv* 
graphic sheets, 1 : 80,000 and 1 : 120,000. 

Instructions issued November 24, 1919, directed that the Bache proceed to 
Pensacola, Fla., and cooperate with the party of the Ranger in a survey or 
the Gulf coast from the eighty-seventh meridian westward to the Mississlp^ 
Delta ; If it were found inadvisable to Immediately take up this work on the 
arrival of the Bdche at Pensacola to proceed to the mouth of the' Mississippi 
River and survey the position of reported shoals in that vicinity ; and after the 
completion of this survey to return to Pensacola and the work indicated above. 

Supplemental Instructions Issued March 25, 1920, directed the suspension or 
work in the Gulf of Mexico about May 1, 1920, and the return of the Bacne 
to Norfolk for incidental repairs preparatory to taking up work on the Atlantic 
coast. 

The ship sailed from Norfolk, 2 p. m., December 23, 1919. en route to Pensa- 
cola via Key West and arrived at Pensacola, 10 p. m., January 1, 1920. Heavy 
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fog: was encountered in Hampton Roads and continued until after passing Cape 
Hatterjjs, when more favorable weather obtained. The usual coasting route, 
from lightship to lightship, was followed. 

Upon the arrival of the Bache «t Pensacola it was found the Survey buoys had 
nor been placed on the working ground. As no offshore work could conveniently 
l>e done until these were placeil, the Bache proceeded to South Pass, Mississippi 
River, after the joint recommendation of the commanding otiicers of Bache and 
Ranker for the field work in this vicinity had bean submitted. The Bache left 
Pensacola on January 3, en route for Port Eads, La., via Mobile, and arrived 
at Port Eads the evening of January 7, 1920. The ship remained on these 
grounds until January 24, 1920 (see season's report dated Feb. 13, 1920), when 
the survey in th: t locality had been finished, and the vessel returned to Pensa- 
cola, Fla., arriving January 27, 1920. From this date until May 5, 1920, the 
survey of the Gulif westward of the eighty-seventh meridian and to the 100- 
f a thorn curve was hi progress. 

Pensac< la was made a base from January 27, 1920, until April 1, 1920; after 
that date Mobile wrs used as a base. In compliance with instructions of March 
25, 1920, the ship sailed from Mobile on May 5, 1920, en route for Norfolk via 
Key West and Charleston. S. C , arriving in Norfolk at 2 p. m.. May 14, 1920. 

On account of the haze and thick weather it was impossible to do any flxed- 
positlon work, using the buoys for signals, consequently all the work outside 
the limits of the fixed-position work on the shore signals was precise dead 
reckoning. There wfs only part of three or four days in tlip entire time the 
ship was on the working ground that fixed-position work could be done, and 
those times were utilized In locating the buoys by cuts. Buoys A, B, C, A*, B\ 
and C* were located by the Bache and Buoys D. E, F, E*, and F* were located by 
the Ranger. Buoy IV was run down shortly after being plawd and was picked 
up by the Lighthouse tender Magnolia. 

The buoys were smaller than those heretofore used on this class of work, 
being third-class ordinary-type can buoys. They did not prove quite as satis- 
factory as the tall-type second or first class can buoy. 

In cooperating with the party of the Ranger it was decided by the two com- 
manding oflJicers that the Bache would do nothing but offshore work, work out- 
side the limits of fixed positions on shore signals, and the Ranger would do the 
inshore work when weather permitted and also some offshore work when in- 
shore work was Impossible on account of haze. 

The area to be surveyed in accordance with instructions Issued June 5, 1919, 
to the commanding officer of the Ranger, had been divided Into four inshore 
sheets, scale 1 : 80,000, and one offshore sheet to cover the area to the 100- fa thorn 
curve not covered by the inshore sheets. It was found that a scale of 1 : 120,000 
would answer, and the offshore sheet was laid out accordingly. 

On the first position of the buoys the Bache was to do the offshore work be- 
tween the 87° and 87" 12' meridians, leaving t'e Ranger about an equal amount 
to the westward. On the second position of the buoys the Ranger was to con- 
tinue to the meridian of 87" 40', and the Bache was to do the work from that 
meridian to the western limits of sheet No. 1. As the Ranger suspende<l work 
about April 1, in order to undergo repairs, the Bache finished the offshore work 
previously agreed upon and In addition finished the offphore work of the Ranger. 
Between the Bache and the Ranger, the offshore work was completed from the 
eighty-seventh meridian to 87" 58', all being precise dead reckoning, and with 
the exception of a small amount of inshore work which will be completed by the 
Ranger upon the completion of the repairs. Inshore sheet No. 1 was finished. 

Considerable development was done at the eastern end of the inshore sheet, 
there being a 13-fathom bank in the vicinity of the buoys. 

The soundings were made with lead line and trolley out to 30 fathoms. Be- 
yond that depth the electric sounding machine with registering sheave was used. 
About the middle of the season the available supply of large lead line stuff was 
exhausted, and as no more was obtainable even from the factorj^ a smaller-size 
lead line, with its lighter lead, had to be used, and the lead line could be used 
only to 25 fathoms. Beyond 25 fathoms the soundings were spaced from one- 
half mile to 1 mile apart. 

Currents were observed as usual in this class of work. Bottom specimens 
were obtained every 15 minutes when sounding with lead line and at every 
sounding when using the sounding machine. 

An automatic tide gauge was maintained at Fort Morgan, Mobile Bay, Ala., 
by the party of the Ranger, This gauge was not visited until March 10, when 
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it was found to be out of order with no record since De<?ember 30, 1919. Ar- 
rangements were made to secure the tidal observations made at Blloxi, Miss.^ 
by the Mississippi River Commission for the period when the Fort Morgan gauge 
was out of order. 

Bofore any field work was done the standard compass was adjusted until Its 
maximum deviation was about 50', the quarter-deck compass which is used ia 
tlie curri»nt observations was also adjusted until its maximum deviation was 
about 3°, and the steering compass was adjusted by nailing magnets on the bot- 
tom of shelf until its maximum deviation was about 7°. 

The log factor was determined by runs between two launches placed about 
4 miles apart. An officer on each launch observed currents at 10-minute in- 
tervals, and an average current was applied to the distance over the ground, as 
determined by three-point fixes from shore positions at the beginning and end- 
ing of each run, in order to arrive at the distance through the water. 

[O. C. Mattison, Commanding Steamer iHudrographer,] 

Summary op results. — leveling: 0.2 mile of lovels run. Topography: (planetable 
trlaugiilation) 2.5 square miles of^aroa surveyed, 0.3 mile of detailed shore line surveyed. 
Bcale of topographic sheet 1 : 16,000. Hydrography : 165.1 square miles of area covered^ 
1.234.9 miles run while sounding, 732.6 positions determined (double angles), 37,196- 
soundings made, 1 hydrographic sheet finished, scale of hydrographic sheets 1 ; 15.000 and 
1:40,000. 

On July 1 field work by the steamer Hydrographcr was in progress In the 
vicinity of Key West, Fla., and it was continued to September 1, witliout much 
interruption. Repairs to tlie engine were in progress in the early part of 
September, and Avhile the engine wjjs in a weakened condition owing to the 
absence of the low-pressure piston, the vessel was blown ashore In the hurri- 
cane of September 8 and 9. The vessel was floated on the 20th of September. 
During the remainder of the year repairs were in progress. The repairs pro- 
ce^ied very slowly owing to hurricane <lnmage to the shops and also to other 
causes, such as epidemics of dengue fever, colds, etc. During the time the 
vessel was repairing, the crew was employed in overhauling ship's gear and 
equipment. Much minor repair work was done by the ship's force. Some field 
work was done during this period, recovering old stations, leveling tide staffs^ 
and cutting In signals In Key West Harbor by planetable trlangulatlon. Office 
work was In progress during the time repairs were made. 

Triangulati<m station " Hock Point " Avas recovere<l. Stations " Saddle Hill" 
No. 1 and No. 2, could not be found, probably due to a change In the shore 
Hue during the hurricane. 

Hydrographic sit(nals in Key West Harbor were located by planetable tri- 
angulation. 

On sheet No. 1 the ship did work on four different days, completing the 
area from the limits of launch work to longitude SI** 44'. Some shoals have 
not been developed in this area. On sheet No. 2 all ship work was completed. 
On sheet No. 3 unfinished areas were completed, with the exception of a strip 
about 2 miles wide on the centor of the sht^t. On sheet No. 4 the area between 
longitude 81° 39' and 82° 05' was completed. 

Launch hydrography: On sheit No. 1 the small area between the wire-drag 
limits and the .ship's work was completed. On sheet No. 2 all unfinished areas 
were filled In, but there were still some shoals to develop. On sheet No. 3 all 
areas allotted to the launch were completed and shoals developed. However,, 
there were some shoals found by the ship which w^ere not developed. 

Experiments in aerial photograi>hy were conducted in cooperation with the 
Navy Air Service, in order to see if it were feasible to locate coral heads and 
shoals by means of photographs taken from aeroplanes. The work was com- 
pleted. 

With the exception of a short period followbig the hurricane, tide observa- 
tions were made at Sand Key Lighthouse. The automatic gauge at Key West 
was in operation the whole period, with the exception of a few days after the 
hurricane. Tide observations were made at Marquesas Key while sounding 
was being done on sheet No. 3. 

Shortly after the hurricane It was necessary to dry-dock the vessel for ^ 
pairs. After repairing the damage done by the hurricane, orders were recelveo 
to have general repairs made, which were afterwards completed. 
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.[F. B. T. SiBMS, Commanding Steamer Evdrographer.} 

Summary of results. — Trlangulatlon : 47.5 square miles of area covered ; 10 signal 
I>oles erected (Including 4 pipe water signals) ; 4 scaffolds built, two 30 feet, two 45 fei^t 
(for hydrography); 3 stations in main scheme occupied for horizontal measures; 4 
stations in supplemental scheme occupied for horizontal measures ; 10 geographic posi- 
tions determined. Leveling: 5 permanent bench marks established 2 secondary bench 
marks established, 1.2 miles of levels run. Topography : 0.85 square mile of area surveyed, 
18.4 miles of detailed shore line surveyed, scales of topographic sheets 1 : 10,000 and 
1 : 15.000. Hydrography : 135 square miles of area covered, 1.318.2 miles run while 
sounding, 8.779 positions determined (double angles), 52,816 soundings made and 2 tide 
stations established, 1 hydrographic sheet finished, scales of hydrographic sheets 
1 : 10,000, 1 : 15,000, and 1 : 40,000. 

On Januao' 20, when the coniiimiid of the steamer Hydrographer was 
transferred, extensive repairs to the vessel had been almost completed, but 
further repairs in the engine room were found necessary, and field work was 
somewhat interrupted until the completion of these repairs on February 12. 

Combined operations were in progress in Hawk Channel, eastward of Key 
West, Fla., from January 21 to Jannaiy 80 and from February 17 to 
April 9, when field operations In this locality were again interrupted, on 
account of shortage of fresh water at Key West, from which port the Hy- 
drographer had based her operations. 

The Hydrographer proceeded to Miami, Fla., under telegraphic Instructions 
to obtain fresh water and to temporarily take up offshore hydrography in the 
vicinity of Miami, on April 9. 

The vessel returned to Key West on April 29 and resumed operations In 
the area between the keys and reefs eastward of Key West, and offshore 
hydrography In the Florida Straits, between American Shoal Lighthouse and 
Middle Sambo Keef. The work was completed on June 25. 

During the remainder of the fiscal year preparations and signal building, In 
connection with a special survey of a shoal northwest of Marquesas Keys, re- 
ported by the U. S. S. Ellis, were In progress. 

The trlangulatlon executed In Hawk Channel was tertiary In character and 
was based on the line Rock Point No. 2 and American Shoal Lighthouse. The 
purpose of the trlangulatlon was to locate all hydrographic signals excepting 
those determined by planetable for work close Inshore. 

Six signals were built on the reefs and Islands between American Shoal 
Lighthouse and Western Sambo Reefs, requiring special construction, due to 
the exposed location. 

The hydrography cc^mpleted in the area between the keys and the reef.s 
eastward of Key West, from longitude 81** 45' to longitude 81** 39', consisted 
/Of a close general development, and on days when seeing conditions were 
fiivorable careful searches for shoals were made. Numerous uncharted coral 
sboals were found. A channel 30 feet deep was found to exist between Western 
and Middle Sambo Reefs, with a stretch of deep water 34 to 37 feet leading 
from It to within 2 miles off Boca Chlca Harbor. Boca Chlca channel and 
liarbor and Saddle Bunch channel, harbor,* and approaches were thoroughly 
surveyed. The waters surrounding the reefs In tHe area mentioned were also 
covered by the close development. 

The offshore hydrography off Miami, Fla., and off the Florida Reefs between 

Jle Sambo Reef and American Shoal Lighthouse consisted of sounding 

Ih 4 spaced 1 mile apart to the 100-fathom curve, one-half mile apart to the 

50-fathom curve, and further development of the area within the 20-fathom 

curve. 

The harbor Improvements made by the Florida East Coast Railway were sur- 
veyed, including the dredged area between Fleming Key and Key West; fur- 
ther survey work to the eastward along the north shon? of Key West Is 
required. 

The topography of the shore line was carried from East Martello Tower to 
Saddle Bunch Harbor, principally to locate signals for Inshore hydrography, A 
magnetic meridian was determined. 

An automatic tide gauge was kept In operation at Saddle Bunch Harbor. 
Tide staffs were read at American Shoal Lighthouse and at Sand Key Light- 
house. 
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[J. H. Pktbrs, Commanding Steamer Ranger.} 

SuMM/RT OP RKsui.Ts. — Trlan^Tulatlon : 65 square miles of area covprod ; 46 s\^\u\\ 
poles erected: 1 observing tripod built, 15 feet in height; 1 observing scaffold bui'l. It? 
feet In height ; 6 stations In main scheme occupied for horizontal measures ; 25 stations 
In supplomrntal scheme cccuphd for horizontal roeas'iros; 63 geographic positions deter- 
mlnpd. lievellng : 5 permanent bench market established, 1 mile of levels run. Magnetic 
work : Ship swung at 6 stations at sea. Topography : 22 square miles of area surveyed, 
i:{8 miles of detailed shore line surveyed; 2 topographic sheets finished, scale 1:20,000. 
Hyrlropraphy : 1.652 square miles of aren covered; 2 928 mllrs run wl ilo sounding; 6.219 
positions ditprminrd (donb'e arsple^^) ; 32.982 soundings made; 14 tall signals erected 
for offs'^orp work, total heicht 1,610 feet : 76 current stations occupied ; 2 hydrographic 
sheets finished, stales 1 : 10.000 and 1 : 80,000. 

On July 1, 1919, the steamer Ranger was at Brooklyn, N. Y.. outfittlnj? for 
offsliore hydrojfrnphy ; during this period a small scheme of trlanj?iihitlon was 
done in Oravesend Bay to couti*ol a revision of the hydrography of th:^ bay. 
From July 16 to Aujnist 2 the vessel wns on its way from New York to Mobile, 
A^a.. to take up field work on the Gulf coast. From Auprust 3 to August IS. 
minor repairs were being made, the sounding equipment installed, and buoys 
fitted out for offshore work. From Aucnist 19, 1919, to April 14, 1920 tht 
ves.sel was engajred principally on the inshore and offshore hydrography of 
the Gulf of Mexico, the erection of tall signals for tjie control of hydrography 
and the necessary trlangulatlon or measurements to locate the signals. Be- 
tween April 15 and May 14 the Ranger was undergoing repairs at Pensacola, 
Fla., and on May 15 the vessel resumed offshore hydrography and was enrragetl 
In that work until the end of June. 

The result of the work for the fiscal year was a very close hydrographic 
rosurv(*y of the Gulf coast from the shore to the 100-fathom curve and from 
the eighty-stventh meridian to the eighty-eighth meridian excepting such of 
the offshore hydrography as was done by the Bache and a small strip of inshore 
work which had recently been done by the Hydrographer. The hydrography 
extended Int^ Pensacola Bay to a point abreast the naval air station. Current 
and tidal observations were carried on in connection with the hydrography. The 
trlangulatlon was extended up Pensacola Bay to Emanuel Point. The topog- 
raphy of the outer coa^t was completed from longitude 87** to longitude 
87* 34' and a resurvey of the pier line of the city of Pensacola was made. 

[L. M. Mower] 

Sum MART OF RESULTS. — ^TrlaupTulatlon : 4 stations occupied for horizontal meatoTes, 
2 geographic positions drtrrmined. Signal building: 2 tall hydrographic signals erected, 
height 70 feet ; 2 small signals erected, height 15 feet. 

In December a party was organized to build tall hydrographic signals od 
the coast of Florida for the use of the steamer IsU and to locate these and any 
prominent natural or artificial objects by trlangulatlon. 

Headquarters for the party were established first at St. Augustine and after- 
ward at Summer Haven, Espanola, and Ocean City. 

The building of signal Scott was begun January 1, and completed January 
9. This signal is 70 feet in height and is surmounted by a pole 10 feet in 
height. It is 100 feet above sea level, not Including the 10-foot pole. 

On January 19 the small signal Campbell was built and on January 21 signal 
Range was completed. These signals are 15 feet In height. 

Only two of the trlangulatlon stations established in 1872 on the coast between 
Mantanzas Inlet and Ocean City were recovered intact, these being Campbell 
and Virgil. A few others were recovered and subsequently marked. 

LOUISIANA. 

[J. B. BODTELLE, July 1, 1919, to Feb. 9 1920. E. B. Latham, Feb. 10. 1920, to 

June 30. 1920.] 

An ofllcer has continued on duty at the field station at New Orleans, La., 
and has answered calls for information relating to the work of the Survey and 
also gathered Information for the correction of the charts, Coast Pilots, and tide 
tables. 

For the convenience of the public, a stock of the charts and nautical publica- 
tions of tlie Survey is maintained at the field station for reference and sale. 
Charts and publications of the Survey are furnished without charge to Govern- 
ment oflicers for ofiicial use. 
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At the request of the local inspectors of steam vessels men were examined 
for certificates as lifeboat men. 

In February the positions of certain naval radio-compass stations on the Gulf 
coast were determined. 

In May the Inspector went to Martha ville, La., to remeasure certain angles In 
the primary azimuth between two triangulation stations. 

[H. A. Seran, Commanding Steamer Bache.} 

Summary of results. — TTyrlroffrnphy : 225 sniiare miles of area covered; 723.7 miles 
mn whlip sonrdfne: 75 positions dotorTrined (donblo anelrs) : iPO snundings made; 18 
cnrrrnt Rtations occupied ; 1 hydrographic sheet finished, scale 1 : 60,000. 

Between January 7 and .January 27. 1920, an examination was made by the 
steamer finch e for a shoal reported to exist off the entrance to the Mississippi 
River, and approximately 18 miles SE. (magnetic) from the entrance to South 
Pass. 

As reports of a shoal In this vicinity had been received at the branch Hydro- 
praphlc Office of the Navy Department In New Orleans intermittently for the 
past 12 years, that office was visited In order to secure any late reports before 
field work was begun. The most recent report on file was dated In 1917. 

In the search for the reported shoal special attention was paid to the bearing 
of S. 46 E. true, from East Jetty Lighthouse. In this immediate vicinity four 
sonndlng lines were run. the outer limits of the outside lines being about If 
mil€»s from each other. The soundings are staggered in such a way that, in 
the cop^nifinfUng officer's opinion, this section is absolutely covered. 

On each soundlnir, bottom specimens were obtained and each specimen was 
soft sticky clay. The bottom was soft and so sticky that on several occasions 
the 55onndlng machine would not break the lead out of the mud and it was 
Dece«5*ary to go ahead with the ship to break It out. Neither sand nor broken 
sbe'Ts were encountered on any of the soundings. 

Each of the lines shows a uniform slope from the 100-fathom curve to the 
out^or limits of the lines, with no indications of any shoals. The soundings on 
each line check the soundings on either side and also check the soundings made 
by the party on the Bache In 1917. From 200 to a50 fathoms of water were 
found at each of the reported shoal soundings. For a shoal, such as reported 
by the steamships Picton and the Floridian, to exist between soundings would 
require such a steep slope that It could not endure in this bottom with the 
strong currents of that vicinity. A 30-foot spot In 300 fathoms of water would 
cause a breaker large enough to be seen readily. Vessels drawing 30 feet are 
not at all uncommon in the New Orleans traffic and If such a shoal existed some 
one of them would probably have struck It. 

The result of this survey made with the greatest care shows conclusively 
that no shoal exists in the locality in question. 

Hydrograpiiic and Topographic Work, Pacific Coast. 

california. 

[R. R. LuKENS, Commanding Steamer Wenonah. 

Summary of results. — Trinnsn^lPtion : 1 ^eoRraphic nosltion determined. Levellnfir : 
12 pprmnnent ixnch mnrks rstnhlished, 2 miles of levels run. Topopraphy : 17 miles 
(f detJ»11*»d fi^^ore Pne Mirveyed : 15 miles of ropds surveyed ; 2 tono^rap^iic sheets finished, 
8Ci*le 1 • 10.000. Hvdro^raphv : Sf^O sqnnre milrs of area sounded : 625 miles run while 
sonndlrp; 2 ?82 positions determined (douhle ancrles) ; 9.0«3 sonndinFS made: 5 tidal 
stntiopff rstsbllsVed ; 3 hvdro'»'raph1c sheets finished, scnles 1 : 12.000 and 1 : 10 000. 
Physical hydrography : 1,100 miles of deep-sea soundings run, 37 deep-sea soundings made^ 

At the beginning of the fiscal year the steamer Wenonah was at Panama, 
Canal Zone, where she had stopped on her way to the Pacific coast to take 
on coal, water, and supplies. 

On July 1 the vessel steamed out of Panama Bay. A point of departure 
was taken off Otoque Island and a course followed to take up the line of 
soundings assigned to the party. This line led close to a dangerous coast, 
and as the currents In the lower bay are strong and uncertain a very close- 
watch was kept to guard against setting Inshore. Land was made out dead 
ahead shortly after midnight, and a course was set due west to clear this 
land, which proved to be an Island, and the vessel was then headed to pass- 
close to Cape Mala. The sounding line was continued without Interruption. 
DDtil July 6, when the last sounding was taken off the coast of Guatemala. 
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Although inside of 1,500 fathoms on the chart, very deep water was found; 
on the last sounding the register showed 3,008 fathoms, when the wire parted. 
The results of these soundings are very interesting, as they show that a deep 
submarine valley exists between the high mountains of Guatemala and the 
general floor of the ocean. 

A supply of coal was obtained at Sallna Cruz, and the vessel got away at 
S a. ni. on July 9. 

Off RIagdaiena Bay a further supply of coal was obtained from the British 
S. S. Astyamax, and this was transferred at sea by the Wenonah's lifeboat. 

The vessel reached San Diego at 7 p. m. July 17, and tied up at the Navy 
coal duck. At San Diego the vessel was cleaned up and given two coats 
of paint. Leaving San Diego July 28 the vessel arrived at San Francisco, 
8.45 a. m. on July 31. Here necessary repairs were made to the boilers and 
the crew was recruited. 

On August 27 the vessel steamed for Humboldt Bay, arriving at Eureka, 
Calif., August 2a 

An automatic tide gauge was established on September 2, and a practically 
continuous record of the tides was obtained during the continuance of the 
work. 

On September 4 the M^enonah proceeded to sea to take up the offshore 
hydrography. Although the haze was so thick that no shore objects could 
be seen, two lines were run by dead reckoning, which established the existence 
of a reported submarine valley north of Cape Mendocino. By September 11 
several well- located lines of soundings had been run, giving a fair development 
of the head of the* submarine valley. 

On September 16 preparations were made to take up the survey of Humboldt 
Bay and bar. By this time It was apparent that the days on which signals 
could be seen offshore were very rare, and, therefore. It was planned to work 
In the bay during hazy weather and go outside whenever the weather gave 
promise of clearing. For work In the bay the launch Clyde was chartered from 
the United States Engineers. The work of hydrography and topography was be- 
gun September 18 and fair progress was made. On November 15 the hydrographic 
and topographic revision of Humboldt Bay was finished and the Clyde vf&s 
turned back to her owners. 

No trlangulatlon wns done by the party. The geographic positions in Hum- 
boldt Bay were supplied by the field i)arty of E. B. Latham, and the positions 
of the mountain peaks were taken chiefly from the old trlangulatlon s. 

The topography of Humboldt Bay was revised so as to show all changes In 
shore line and Improvements. The west shore of the bay was surveyed from 
the South Jetty to a point above Samoa, and the eastern shore was surveyed 
from Fields Landing to a point in Eureka. Only minor changes In topo^aphy 
were noted. The work Is plotted on two sheets on the scale of 1 : 10,000. 

The hydrographic work in the bay included the bar, entrance, and all im- 
portant channels. This work Is on two sheets on 1:10.000 scale. Except for 
the area around the jetties only slight changes in depths were noticed. The 
bar appears to be Improving gradually and a deep channel was found to have 
cut across the former big shoal between the inner ends of the Jetties. Tlde- 
stnff readings were taken at North Jetty, South Jetty, Eureka, Areata Wharf, 
and Fields Landing. The automatic gauge was established at the North Jetty, 
which was taken as the base station. 

The offshore hydrography was the important work of the season and its first 
object was to develop the submarine valley northwest of Cape Mendocino. 
This submarine valley is of great importance, as it has been the indirect cause 
of the wrecking of two ships, the Bear and the Tricolor, and has probably misled 
other vessels. A fairly good development of this valley was obtained with np 
and down soundings and rigid fixes. As the 100-fathom curve Is of extreme 
importance to na\igators efforts were directed toward tracing it to a satis- 
factory connection with the old work to the north rather than extending a 
sninll section out to the 1,000-fathom curve. 

The 100-fathom curve was traced from False Cape northward for a distance 
of about 35 nautical miles. The steamer Lydonia was working to the south- 
ward of False Cape, and the combined work of the 'two ships will give a de- 
lineation of the 100-fathom curve from the old work south of Bltints Reef to 
a connection with the old work 40 miles north of Cape Mendocino, which w»i 
amply meet the demands of navigators for more soundings around this im- 
portant cape. 
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[F. O. Bnglb, CommandiDg Steamer Natoma.] 

SUMMABT OF BESDLT8. — ^Triangulatlon .* 5 slsnal poles erected, 3 stations in main scheme 
occupied for horizontal measures, 2 geographic positions determined. Topography : 11.1 
' SQaare miles of area surveyed, 76 miles of detailed shore line surveyed, scale of 
topography 1 : 5,000 and 1 : 10.000. Hydrography : 109.6 square miles of area covered ; 
966.9 miles run while sounding ; 5,428 positions determined (double angles) ; 38.414 
soundings made ; 8 tidal stations established ; 1 hydrographic sheet finished, scale 
1 : 20.000. 

On July 1, 1910, the Natoma was at Colou, Panama, en route New York to San 
Francisco, in accordance with orders dated March 24, 1919. Stores and fuel 
were taken aboard and the vessel left Colon on July 4 at 10 a. m., proceeding 
throui^h the Canal and passing Balboa at 5 p. ni. the same day. A deck load of 
168 cases of gasoline, in addition to 1,910 gallons in the tanks, was carried and 
enabled the vessel to reach Salina Cruz, Mexico, without a stop, a distance of 
1,229 mautical miles. 

Arriving at Salina Cruz on the 10th of July the fuel tanks were refilled and 
110 cases, deck load, placed aboard. The ship left Salina Cruz on July 11, ar- 
riving at Mazatlan, Mexico, on the 15th, a distance of 841 miles. Here the tanks 
were again refilled and 202 cases, deck load, placed aboard. The ship left Mazat- 
lan on July 17 at midnight and arrived at San Diego at 10 a. m., July 27, 23 days 
from CJolon, including stops. A detailed account of the voyage is given in the 
commanding ofiicer's " Report of Passage," dated September 6, 101 0. 

Upon arrival in San Francisco preparations were Immediately made for exami- 
nation of the Bonita Channel, requested by Admiral Rodman for the use of the 
Pacific Fleet entering San Francisco Bay. The necessary .surveying materials 
and f»tore8 were taken aboard, and on July 29 field work was started. Two 
trian^ulation .stations were recovered north of Point Bonita and hydrographic 
signals built. A boat sheet was made, temporary lead stand and plotting table 
rigged, and on August 1 sounding in Bonita Channel was commenced. On Au- 
gust 5 the sounding was completed and the oflSce work started. Soundings were 
reduced and plotted on the boat sheet and a tracing made. On August 28, buoys 
placed by the Lighthouse Service were located and plotted and the complete 
tracing delivered to the Inspector of the San Francisco field station. 

On July 28, the day after arrival In San Francisco, the Natoma was struck, 
while at anchor off Pier 32, by a tow, bending the stem above water line. A de- 
tailed report was made on this collision. 

During the month of August, a great many changes were made before a satis- 
factory cijew was shipped. All but three of the crew that arrived In San Fran- 
cisco with the vessel had requested their discharge during July, and it was found 
dlfi&cnlt to replace them, principally on account of the small crowded forecastle. 
During the month of August and September, considerable upkeep work about 
the ship and in engine room was done. An automatic tide gauge was installed 
and a 24-foot motor sailing launch fitted for hydrography. 

Topographic revision in the vicinity of San Francisco, in accordance with 
iostmctiona of July 25, was started on September 10 and hydrography on Octo- 
ber 6, 1919,. and field work closed on April 15, 1920. 

At the close of field work on April 15 proposals were prepared for dry- 
docking and other repairs, and the engine-room force, assisted by two seamen 
detailed under the engineer, commenced a thorough overhauling of the port 
oigine. 

On the night of May 20 the Natoma was struck by the steamer-schooner 
Avalofij which was maneuvering in the basin where the Natoma was moored. 
A detailed report of the damage was made. 

The overhauling of the port engine by ship's force was completed on June 
10. ThMB Natoma returned to the Third and Channel Basin in San Francisco 
on June 14 under the port engine, and the work of overhauling in the starboard 
«igine continued there. The crew was engaged in cleaning and painting the 
after quarters, mess room, and cleaning and painting outer hull, which had been 
badly discolored while lying at Hanlon's Dry Dock in Oakland estuary. 

Revision work In San Francisco Bay In the vicinity of San Francisco was 
commenced on September 10 by a topographic party. During September the 
topographic party worked from the ship, which was lying at Pier No. 36, 
engaged in preparation for field work. The revision of the water front of San 
Francisco was first made, using bromide copies of revision sheets of 1917, 
examining these for changes, and making the necessary additions and altera- 
tions by planetable. 

12783—20 9 
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Sheet No. 3661 extends from Point Avlsadero to Union Iron Works. Union 
Iron Works to Pier 41 is covered by the harbor commissioner's plan, which was 
examined and corrected ; Pier 41 to Exposition Grounds Is covered by a small 
revision sheet of 1917, and from the Exi)ositlon Grounds to 1 mile below Point 
Lobos Is covered by sheet No. 3659. A map of the city and county of San B'ran- 
clsco, In two sections, was obtained from the city engineers, for the purpose of 
showing additions to streets and other Improvements. A topographic sheet 
on scale of 1 : 40,000 was made for the purpose of tying In the city map. The 
examination of this map In the field was deferred. 

On October 6 the work between Point Avlsadero and Point San Bruno was 
commenced. A topographic sheet, scale 1 : 10,000, was made, covering this 
section, and a hydrographlc sheet covering the area south of hydrographlc 
sheet No. 3928 was made to extend to a line between South San Francisco and 
Mulfords Landing. An automatic tide gauge was established at Union Iron 
Works on September 25 and connected with the old bench marks there. It was 
kept in continual operation thereafter. A staff was established at Hunters 
Point, connecting with old bench marks, and another staff and bench marks 
established at South San Francisco. This staff was compared with Union Iron 
Works by a 48-hour simultaneous series. Tidal observations were made at these 
stations when sounding In the vicinity. 

The motor sailing launch which had been fitted during September with 
plotting board and lead stand was used for sounding the inshore and shoal 
areas, extending Its work out to the 20-foot curves and wire-drag limits. 

It was found desirable to have a trlangulation station for use of hydrography 
and topography In the vicinity of Belair Island. The old station was recovered 
by first recovering Station Guano Island from which, together with other re- 
covered stations, Station Sierra Point was recovered, and later, Station Belair 
Island. 

On November 12, work on the east side of the bay in the vicinity of Bay Farm 
Island was started, a signal was built at Station Bay and trlangulation stations 
established at Mulford*s landing and at Robert's Landing. The two last were 
cut In from Station Point Avlsadero, Station Sierra Point, and Station Guano 
Island. Topography was started on November 17, at Station Bay, on a neir 
sheet to revise the shore line and establish signals for the Inshore hydrography. 
This topographic sheet extends from Mulford's Landing to Government Island, 
Oakland estuary. 

On November 26, In a heavy northeast gale the motor sailer was swamped in 
shallow water off South San Francisco where she was endeavoring to enter for 
shelter. The stern sank Into the. soft mud, making It Impossible to raise her by 
ship's force, and It was necessary to engage a wrecking derrick. She was re- 
turned to the ship on December 6 and the engine w^as overhauled and the launch 
cleaned of the mud which filled the bottom. This work was completed on the 
18th. During this time repairs were made to the ship's rail by crew, where it 
had been damaged on December 4 by the ship rolling against the dock in a 
southeast gale. 

Sounding with launch was resumed on December 20 in the vicinity of Bay 
Farm Island. Staff gauges and bench marks were established off Mulford'a 
Landing, San Leandro Bay, and Alameda, and compared with Union Iron Works 
by 48-hour series. The old bench marks established at Alameda were connected 
with the new staff. These gauges were used for the reduction of soundings in 
their vicinities. 

During February the central area on the lower sheet was sounded by the 
ship, and the topography, which had been carrlM to the north side of Oakland 
estuary, was suspended to carry on the ship hydrography and to do topography 
in Golden Gate, required for hydrography called for by Instructions. This work 
was completed on March 4, and the office work, which consisted of plotting 
soundings and making a tracing for city engineer, was finished on the 16th. 
While the office work was In progress the ship was painted. 

Field work was resumed on the 15th and carried on to April 15, when work 
was stopped in accordance with instructions, to prepare bids for repairs. The 
ship hydrography was carried to Hampton Shoal Lighthouse, splitting the lines 
run in 1917, in the dragged area, north and south of Goat Island, and making 
a 200-meter line development along the east shore into the 6-foot curve. The 
launch work extended only to the Oakland Mole, where It was discontinued on 
the detachment. The revision of shore line was extended to Point San Pablo. 

The eastern shore, north of Bay Farm Island, was done by a subparty living 
and subsisting ashore and reporting to the ship each \\ eek, as the nature of the 
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approaches to the shore rendered It Impracticable to pick up the party and land 
rhein each day. 

[E. H. Pagbnuakt, Commanding Steamer Lydonia.] 

SuiiMABT OF Rbsults. — Hydrography : 1,350 square mlieB of area cov€»red, 535 miles 
roD while soanding, 576 soundings made, 1 tide station established, 1 bydrographic sheet 
finisbed, scale 1 : 120,000. LeTeiing : 1 mile of levels run. 

On November 19, 1919, the Lydonia began hydrograpbic worlt off the northern 
ctwst of California between Cape Mendocino and Point Arena. 

By February 4, 1920. tlds work was completed southward from the vicinity of 
Cape Mendocino to latitude 39*" 40' and westward to longitude 124'' 55', and the 
vessel returned to San Francisco for repairs. 

SAN FRANCISCO FIELD STATION. 

11. F. DicKiNs, July 1 to July 7, 1919. Fremont Morse, July 8, 1019 to June 30, 1920.] 

Inspection duty for the coast of California was continued by an officer of 
the Survey in charge of the Held station of the Survey at San Francisco. 

The duties of the station have to do chiefly with the collection and distribu- 
tion of nautical information and publications. 

An Inspection was made of the agencies for the sale of charts and nautical 
publications of the Survey in San Francisco. 

The tide station at Morro Bay, Calif., was visited, levels were run to the 
different bench marks, and the station was discontinued. 

Field work was done for the purpose of obtaining data for magnetic ranges 
In San Francisco Bay. 

A stock of charts was maintained at the fleld station for sale and reference; 
the tide observations at the Presidio station supervised ; arrangements were 
made for forwarding freight to the field station of the Survey at Manila, and 
various other duties were attended to. 

CALIFOBNIA. 
[FrSMONT MOBBl.] 

Sdmhary or RESULTS. — Triangulation : 8 stations in main scheme occupied for borl- 
sontal measures. 12 geographic positions determined. Magnetic work : 9 new auxiliary 
stations on land occupied, 1 old station occupied, ship swung at 2 stations at sea. 

In September, 1919, Instructions were issued for a redetermination of compass 
w^iiRa hi San Francisco Bay for the use of navigators. 

The work directed Included the collection of Information for a new eilitlon of 
Special Publications No. 1 — Compass Ranges, San Francisco Bay, the selection 
and determination of the necessary ranges, and the preparation of the results 
In a form suitable for publication. The field work involved the making of mag- 
netic ohsei-vatlons at a number of points about San Francisco Bay and ship 
swings at the entrance to the Golden Gate, In the channel off Rlncon Point, 
and at two other inteniie<Uate points. For this purpose the steamers Natoina 
lind Lydonia were to be utilized. 

The necessary observations at stations on land were made by an ob.server 
then at San Francisco awaiting transportation to the Hawaiian Islands. 

The old range objects had been nearly all destroyed In the earthquake and 
fire of 1906, and It was therefore necessary to select new ranges, which was 
(lone on October 2. Trlangulatlon observations for the determination of the 
positions of the selected range points were begun November 17 and completed 
I>ecember 26. 

Photographs of the ranges were afterwards obtained. 

The necessary ship swings were made by the Lydonia and the Wenonah on 
April 8 and May 7, completing the field work required. 

[E. B. Latham. 1 

BuMMABY OF BESULT8. — Triangulatlon : 2 signal poles erected, 10 observing tripods 
■AUt, stations in main scheme occupied for horizontal measures. 

Work was continued after July 1, 1919, on the trlangulatlon, recovery of 
^tlons, and building signals from Punta Gorda to the mouth of the Klamath 
River, Calif. The following old stations south of Eureka were recovered: King 
Peak, Bear Ridge, Bagley, Four Mile Creek, Two Rocks, Windy Point, Oil Creek 
and Old Lighthouse tower (Humboldt Bay Lighthouse, 1869). 
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Subpartles were organized for the search for old triangulation stations and 
sent to Petrolia, Cape Town, and Requa. 

A triangulation was made from the base King's Peak, Bear Uidge, and a 
checlt distance carried to a connection with this base from the old line Bear 
Ridge-Oil Creek, on the common line, from both bases of the line Bear Ridge- 
East Twin. A further check was had on the position of Humboldt Bay Light- 
house (Old Tower Light station). 

The triangulation by the Engineer Corps, United States Army, supplemented by 
additional observations, was used for stations on Humboldt Bay. 

The old stations north of Eureka were recovered in sufficient numbers to 
make additional observations unnecessary except for determining the position 
of hydrographic station Mid. west of Areata. All new stations were marked 
and additional marks were placed at nil old stations. Signals were erected as 
required for the hydrography. 

This work was completed August 10. 

[B. B. Latham. 1 

SuMiiAav or RESULTS. — TrianKQlatlon : I^ength of scheme 100 miles, 100 square miles 
of area covered, 26 signals erected, 24 stations occupied for horizontal measures. 

The triangulation, recovery and marking of triangulation stations and erec- 
tion of signals for hydrography between Punta Gorda and Point Arena were 
begun by a subparty August 10, 1919. 

Old triangulation stations were recovered, additional points were determined 
both by triangulation and by plotting points on the original topographic sheets, 
and the necessary signals were erected for the region Kings Peak to Usal 
Creek, and the party moved to Greenwood, Calif., September 19. 

From Westport the work was completed to a junction with the work oX the 
subparty to the southward of that place. 

Work in the vicinity of Port Bragg was done between September 9 and 15. 
and the main party moved to Mendocino. 

Old stations were recovered as far south as Saddle Point and sites for new 
stations were selected. A signal-building party was organized with head- 
quarters at Little River, and the observation of angles In the triangulation 
were then taken up. As few of the old stations between Laguna Point and 
CabrlU Point were recovered, numerous new stations were established and 
determined in position. 

Work from Cuffeys Cove to Point Arena was begun by the subparty 
September 22 and completed October 6. Several new points were determined 
south of Cuffeys Cove, including the Point Arena Light station, rebuilt in 
1907 or later. 

From October 11 to the close of the season the whole party was located at 
Point Bragg. 

Additional observations were made for the Identification of stations GordcHi 
and Pine Grove. This work and the observations to determine the positions of 
stations between South Noyo and Kent 2 were completed October 20, and from 
that date to the close of the season the party was engaged in computing r^ulte, 
the preparation of data for the use of the steamer Tyf/donin, and closing party 
affairs. 

WASHINGTON. 
[N. H. Hkck.1 

Summary of results. — ^Triangulation : 50 square miles of area covered, 45 signal 
poles erected, 86 stations In main scheme occupied for horizontal measures, 9 stations 
In supplemental scheme occupied for horizontal measures, 05 geographic positions 
determined. Topography : 50 square miles of area surveyed ; 110 miles of general coasi 
line surveyed ; 5 topographic sfieets finished, scales 1 : 10.000 and 1 : 20.000. Hyorog- 
raphy : 5 square miles of area dragged ; 40 miles run while dragging ; 1,742 POf^JlS*. 
determined (double angles) ; 118 soundings made; 2 tidal stations established: 122»^^^ 
located for removal ; 2 hydrographic sheets finished, scales 1 : 10,000 and 1 : 20,000. 

Between July 24, 1919, and March 26, 1920, a wire-drag survey was made of 
Lake Washington and Lake Union, Washington, with such triangulation ab" 
topography as was required for the purposes of the survey. 

The work undertaken Included the revision of shore line and topograpny» 
Lake Washington; wire-drag work, Lake Washington and Lake Union; ^orK 
on launches to prepare for Lake Washington and Alaska seasons ; and develop- 
ment of new methods. 
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TriangulatioD : The necessity of anything but a slight revision of existing 
triangulation was not contemplated, as it was believed that much of the 1902 
work would be available. This was found to be a mistaken assumption, owing 
in part to poor marking of stations and In part to the natural improvements 
and changes in the vicinity of a large city. Practically no stations were re- 
covered in addition to those recovered in 1915. The lowering of the lake seems 
to have hastened the disappearance of the wooden stakes with which the old 
stations were marked. 

In order to carry out instructions, a complete revision of the triangulation 
became necessary, and It was decided to carry a comprehensive scheme around 
Mercer Island. 

At first it appeared likely that single triangles would have to be used, but a 
study of the conditions showed that quadrilaterals could be used with little extra 
t*osL Owing to the precipitous shores, which had been left woodetl to prevent 
slides, and to the sweeping curves of the shore line characteristic of a glaciated 
area, it was difficult to find sufficient intervisible points. It was found necessary 
to extend the triangulation from a diagonal, and in some cases the conditions 
were so rigid that mo\ing one station slightly made it necessary to move at 
least three others. Conditions not evident on inspection, but which caused diffi- 
culty, Included the presence of houseboats which shut off the line of sight from 
points behind them, and excavations in progress which in some cases made it 
impossible to utilize the logical points. 

The stations were all carefully marked and described, and it is bellevetl that 
they will prove of use to engineers. 

The number of main scheme stations was 36 ; supplemental stations, 6 : range 
beacons and llghthou.ses, 5 ; and prominent objects, 40. 

Reports were prepared on the earlier triangulation, which involved Investiga- 
tion of more than 100 points. 

The statistics In regafd to recovery of the 1902 triangulation best show the 
conditions. Out of 90 stations and objects, 15 were recovered, of which 10 had 
been previously recovered, and 11 stations were remarked. Seventy-one were 
gone beyond question, and 4 were possibly capable of recovery by more extended 
search than the party could make. Of the recovered stations only half were in 
the part of the lake where revision work was done, and one of these would have 
required extensive cutting to utilize. 

The topography Includcil the new shore line of Lake Washington as left by 
the lowering of the lake when the Lake Washington Ship Canal was opened. 
AU wharves and other imi)rovenients were located, and In the water front of 
Seattle pn>per enough street ends were located to utilize city maps In correcting 
the existing chart. In many parts of the lake conditions near the shore have not 
changed nnuh ns the shores have Ix^en left in their original condition to prevent 
slides. 

The conditions on rnlou Kay, tin- work on which was left till last, are ix'cullar. 
This area, which consists of vegetable muck of s]>eclflc gravity nearly 1, was 
disturbed In equilibrium by the excavatioi^of the canal. It has not yet rwovered 
stability. Islands are constantly forming and the shores are extending. 

The topographic character of Lake Washington varies considerably. In gen- 
eral there Is a shelf left by the lowering of the lake backed by a more or less 
steep bluff of glacial material. This has slid down in numerous places, especially 
In the vicinity of the submerged forests. There are two areas of swamp besides 
Union Bay. In two places dC^bris from coal mines which is being excavated to 
make Into briquets is character I stlc. Bowlders of moderate size are found along 
the shore In places. 

The revision of I-^ike Union was begun. Portage Bay was completed and 
about half of Lake Union. Changes have occurred and are about to o<*cur In 
the remaining half. 

Owing to reasons given later, it was not possible to start the wire-dreg work 
till the middle of November. Practically nothing was known about the best 
means of locating trees for removal, and new methods became necessary. 

Instructions were to drag areas of submerged forest to a depth of 45 feet 
wherever practicable. It soon developed that in addition to this general pro- 
gram something else must be done In order that the proposed work might be of 
any value. It was further learned that the parts outlined on the charts were 
only part of the area needing investigation. 

The following method of work was developed : The local United States Engi- 
neers' office which had cleared out the trees in I^ike Washington, which appeare<l 
when the lake was first lowered, arranged to temi>orarlly assign the snag boat 
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Swinomish from time to time, as she could l>e spared from her regular work on 
the rivers, to remove trees in Lake WashinKton. The arrangements were made 
locally between the engineer officer for the district and the Inspector at Seattle, 
this plan leaving considerable latitude as to the times and methods of coopera- 
tion. This feature was especially desirable, as both parties had to discontinue 
work for short periods for various reasons. 

The methods first used were not satisfactory. Work was begim in the ex- 
tensive submerged forest east of Mercer Island. It was first attempted to drag 
to 30 feet, the least depth charted, but it was found that the snagboat could not 
catch trees a greater depths than 20 feet. A definite program of sweeping 
this area to the depth of 20 feet was adopted, and as the trees nearly all leaned 
to the northeast the approach was made from that direction. On the first occa- 
sion the entire length of a OOO-foot drag including towlines, buoys, and weights 
became caught so that none of It could be removed. The trees were then so 
thick that sounding could usually locate them. This work was done by the 
chief of party pers<mally, and it require<l all of his experience to find what were 
practically needle points. At this time the most essential thing was to plan 
the work of the party so as to keep the snag bont busy, as failure in this would 
have disrupted the work. 

The snag boat passed her cable around individual trees by the simple method 
of towing it between two boats until the bight caught, then slipping a shackle 
on one end over the cable and letting this .^hackle slide <lown as the ho&t^ 
pulled rapidly ahead, thus getting a noose around the tree. If possible the 
trees were pulled up, but usually the use of dynamite was necessary. At this 
time the shots were often failures because, in spite of the Ingenious method 
used in placing the dynamite, it was frequently placed between two trees 
Instead of against the trunk of one. 

It was found that the wire drag was too slow and too comprehensive a 
method In that it covered too large an area. The next step was to get the 
drag caught on some trees; then a single dinghy was taken and a lead line 
towed astern. Though the original hydrographic survey failed to find evidence 
of this forest, four or five trees were located by this method. 

It was then thought that in the absence of current two lead lines connected 
together by marline might prove useful, and this proved a useful and valuable 
method ; which was adopted by the United States Engineers* snag boat B^^ 
where there Is current It Is thus possible to actually develop shoal areas toundby 
the drag, rather than to sound a little and then pass a long drag over the 
shoals. The new method also makes repeated attempts to get the least ^a^^ 
on a shoal by means of the drag unnecessary and proved to be the real solution 
of the problem. 

Thereafter all areas of tree groups were examined with the marline sweep. 
It became possible to actually count the Individual trees and find the depth 
on each. An officer of the party introduced a valuable Idea In that after catch- 
ing a tree the process used by the snag boat to pass the cable around the tree 
was used with the marline, and the buoy was accordingly attached to the 
tree to be removed. The wire drag was used thereafter quite extensively, both 
to locate the tree groups and to prove other areas clear, and also to prove that 
all trees had been removed. Time and again the drag was passed over the 
area, always catching, until finally the only trees left were actual needle polntt. 
Finally the drag was passed over the area and It was made safe for all vessels 
which should properly attempt to navigate this particular area. The ar^ 
west of Mercer Island and a small area to the south of the Island were found 
to be dangerous and were cleared. The areas at the north end of the lfl»^ 
were all examined and cleared. 

This work was absolutely necessary and of great Importance and value- 
In every area trees 6 feet or less beneath the surface were found. In the area 
of the thickest trees where a steamer and launch were formerly lost, several 
dangerous trees were found directly in the path of excursion steamers. 

Another dangerous tree with 4 feet of water over It was found directly ^^J^ 
path of tow boats engaged In towing rafts of spruce logs from Lake Washington 
to Lake Union. On the w^est side of Mercer Island two dangerous trees w«^ 
found, one directly In the customary path of a steamer, with 4 feet least ^^P***.; 
and another close to shore, with the same depth, was foimd by striking 
with the Scandinnvki, fortunately running at slow speed. ^ 

A tree with 4 feet on It In 120 feet of water In the north end of Lake wasn- 
Ington was perhaps the most remarkable find. Some of the trees remove" 
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were leaning, and several were nearly 140 feet in length. As nearly 200 trees 
in all were removetl, the size of the project becomes evident. 

The cooperation in this work was excellent. The engineer in charge of 
the work of the snagboat did everything to make the work a success. The 
officer In command of the Swinomish found opportunity to use every part of 
his extensive experience, and their work, development of methods, and results 
were most efficient and of the greatest Interest to all who obsersed the work 
in progress. 

In addition to the location and removal of trees, a considerable portion 
of the lake was dragged and proved free from obstruction. A dangerous log, 
Asrhich had been struck by an excursion steamer, was found and removed later 
hy the snagboat. 

Little hydrography was done except to sound on places where tlie drag 
struck bottom and where the charts Indicated greater depth. The most im- 
portant case was a shoal area in the region of submerged forest, with depths 
of 16 to 22 feet where the chart indicated at least 30 feet. 

In Lake Union the light beacon and ranges, as well as some prominent 
objects, were located by trianguiatlon to meet the needs for revision of the 
topography. 

The topography of the shores of Portage Hay and about one-half of Lake 
Union was revised. 

A search was made with the drag for a reported snag, which was not found. 
The bridge site at northwest end of lake was partly examined with a marline 
sweep. 

Of the new methods developed during this season, the adaptation marline 
sweep was the most useful. The procedure is simple. A length of from 50 to 
200 feet of marline Is used according to conditions. This is made fast to 
onlinary lead lines just above the lead. 

One of the dinghies should have an outboard motor to be used In getting to 
position, but all towing should be done with oars. An officer In each boat 
holds the lead line at the proper depth, or a little deeper if it is desired to go 
faster. When any obstruction is found It Is felt at once. The depth of catching 
may be checked by bringing the ends together and finding how nmch Is under 
water, half of this being depth to point of catching. This sweep Is usually 
deared by letting go one end and pulling it through. 

This sweep, though simple, can do some things that the wire drag Is not 
salted for. Very narrow channels, the Inrmeillate vicinity of wharves and 
buoys, can be readily investigated. It has, of course, always been available, 
but It l8 doubtful if its value is understood. 

A sio^le vessel sweep was prepared by members of the party for use in 
locating trees when only one launch was available. Though far from perfected 
its usefulness was demonstrated. It seems to have great possibilities, both 
when used from vessels and from launches. Its particular value would seem 
to be for Inshore development as it makes it possible to send the sweep closer 
to the shore than It Is safe for the launch to go. It also would greatly increase 
the safety of a vessel which is obliged to search for a pinnacle* rock or wreck 
in conditions where a launch drag is not possible. In this case the vessel in 
passing a given area once will sweep an area 400 to 500 feet wide and thereby 
reduce the chance of 'striking itself. 

Very little was done to develop wire-drag methods in general. As It was 
constantly necessary to take up and set out the drag, a method which proved 
advantageous was to use the standard bottom wire for the lower bridle Instead 
of the larger size. The latter was retained for the upper bridle and the straight- 
away. The advantages are that It Is unnecessary to wind two parts of the 
bridle on the same compartment of the reel, and thereby twisting and fouling 
is prevented. Both bridles come off the reel at the same time, however. Just 
as before. Another unexpected advantage is that the lower bridle tends to 
coil up to a certain extent when the launch Is at rest and is, therefore, not 
nearly so likely to catch on bottom. 
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Geodetic Work. 

louisiana and texas. 

[Clem L. Gabneb.] 

Summary of uesults. — Reconnolssance : Len^h of scheme 100 miles, 10 square mileB 
of area covorod, 54 lines of Intervlslbllity determined, 60 points selected for scheme. 
Base lines : 1 primary, 5.900 meters in length. Triangulatlon : 10 square miles of area 
covered ; 60 observing tripods and scaffolds built, height 10 feet ; 40 stations in main 
scheme occupied for horizontal measures ; 6 stations occupied for vertical measures ; 55 
geographic positions determined. Latitude, longitude, and azimuth work : 4 azimuth 
stations occupied, azimuth observed on 6 nights. 

The primary triangulation from the ninety-eit?htli meridian triangulatlon lu 
the viciulty of Gatesvllle, Tex., to the eastward, which had bt^en requested by 
the chief of Engineers, U. S. Army, was in progress at the beginning of the 
fiscal year. 

Primary triangulation was carried as far as Mansfield, La., where the 
country was in general densely wooded, flat, and where the roads were very 
few and in vei-y bad condition. At this point the scheme narrowed down to a 
line of primary traverse following the Texas & Pacific Railway to the south- 
east as far as Alexandria, La., and then following the Louisiana Railway & 
Navigation Co.'s i*ailway to Naples, La., where connection was made to the 
Mississippi River triangulation. That part of the traverse from Alexandria 
to Naples, La., was transferred on September 30 to another party. 

On July 1 the work was at the Texas-Louisiana State line, and on July 14 the 
triangulation was completed to Mansfield, La., where the traverse was b^un. 

There were eight stations occupied from July 1 to July 14, two of which were 
azimuth stations, with one a LaPlace station. 

At the close of this work the party was assembled at Mansfield, and after two 
days of overhauling and packing outfit the party was sent to Jacksonville, Tex., 
for the purpose of clearing the Jacksonville base and preparing tJie base for 
measurement. 

The chief of party moved to Jacksonville as soon as the base was prepared and 
was In charge of the measurements for the entire line. 

The actual measurements for the base of approximately 9,000 meters vf&3 
made in 12 hours of actual time, not Including the time taken out for lunch 
but including all such delays as changing tapes, the crossing of about 30 wire 
fences, and other obstructions which consumed considerable time. 

Upon the completion of the base the party was transferred to Mansfield, I*., 
where a larger party for the traverse work to the east was organized. Several 
days were occupied overhauling motor cars (velocipedes) and putting the outfit 
in order and training men for the new duties. 

As was to be expected the progress of the work at the beginning was rather 
slow, but later on as the men became familiar with the work a decided improve- 
ment was obtained, and in September the party traversed a distance of about 75 
miles. The work was started on August 18, and on September 30 the party was 
at Alexandria, La., a distance of 95 miles, 19 kilometers of which was over stakes. 

Motor- velocipede cars were used in this work. 

Under instructions of July 23, a building party was operating; from August 1. 
the work w^as the erection of signals along the arc of primary triangulation to 
the west of the ninety-eighth meridian in the vicinity of Oklahoma City. Signals 
were completed to station Self, but the signal at this station has blown down. 

On September 30 the traverse party was transferred to another officer, ana 
the chief of party left for Fort Smith, Ark., to take up work on the arc or 
primarj' triangulation to the west of Little Rock, Ark. 

(JKOKCTA AND NOUTH CAROI IXA. 
IE. D. BllOMLET.l 

In June, 1919, ii party had been organized to renicasure the angles on tM 
primary traverse line from Macon to Forsyth, Ga. This work was ^^^^^^^^ 
after July. Thirty-two stations were occupied for observation of angles arte 
June 30, and azimuth was determined at Bolingbroke and Forsyth, Ga. 

On the completion of this line tlip jmrty nrov(Ml to Griftin, Ga., and cne^ 
measurements were made between Griffin and Barnesvllle. The reroeasnrv- 
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ments checked closely with the previous measurements, and no appreciable 
error was discovered. 

The party then proceeded to Sanford, N. C, to remeasure certain angles in 
the arc of primary triangulation from Sanford to the oblique arc. 

As most of the observing towers had been destroyed a party was organized 
to rebuild them and to clear the intervening ridges. When this had been 
accomplished the observation of angles was begun. Acetylene lights were used, 
and the observing was done at night. 

The revision worli extended from the connection of the primary triangulation 
at Sanford, N. C, to the line Asheboro-Gliniax. 

A LaPlace azimuth was observed at Sanford, N. C. 

The chief of party and a recorder then proceeded to Stuait, Va., where the 
angles In the quadrilateral joining on the oblique arc were to be remeasured, but 
owing to continueil unfavorable weather this was not completed, and worlt 
was closed for the season under instructions, December 19. 

LOUISIANA. 

[Leonard H. Zeman.] 

Summary of results. — Reconnoissance : Length of scheme 65 miles, 8 square miles 
of area covered (including loops only), 75 points selected for scheme. Primary traverse: 
53 signal poles erected ; 31 observing tripods built, heights from 4 to 30 feet ; 36 observ- 
Ting scaffolds built, heights from 4 to 30 feet : 60 stations in main scheme occupied for 
horizontal measures; 15 stations in supplemental schemes occupied for horizontal meas- 
ures. Leveling : 15.5 miles of levels run. 

The party engaged In running a precise traverse in Louisiana which had been 
begun by Clem L. Gamer, was transferred to Leonard H. Zeman, October 1, 
1919. The party was then in the vicinity of Alexandria, La., having brought the 
traverse down to this point from Mansfield, La. 

The plan adopted was to carry the traverse through Alexandria, La., to 
Naples, La., over the tracks of the Louisiana Railway & Navigation Co. The 
Atchafalaya River was crossed by triangulation and the traverse resumed on 
tbe other side of the river. The route taken was along the level of the old river, 
and the traverse was measured over stakes until connection was made with the 
triangulation points of the Mississippi River Commission, completing line from 
Waco, Tex., to the Mississippi River. The Waco (Tex.) to Mississippi River line 
was carried by primary triangulation from the vicinity of Waco, Tex., to South 
Mansfield, La., and from South Mansfield, La., to the Mississippi River by 
primary traverse. 

[E. B. Latham.] 

In May, 1920, a remeasurement was made of the angles at stations along 
the line of traverse between stations Sodus and Peanut, in which certain dis- 
crepancies had been discovered. 

This work began May 12 and was completed May 27. 

ABKANSAS AND OKLAHOMA. 

[Clem L. Gakner.] 

Summary of results. — Triangulation : 1.900 square miles of area covered : 1 observ- 
ing tripod and scaffold built, height 5 fret; 18 stations In main scheme occupied for 
horizontal measures ; 18 stations occupied for vertical measures ; 25 geographic positions 
determined ; 20 elevations drtermined trigonometrically. Latitude, longitude, and azimuth 
work : 2 azimuth stations occupied, azimuth observed on 2 nights. 

Between October 1 and December 22, 1919, primary triangulation was exe- 
cuted in the States of Arliansas and Oklahoma in continuation of a scheme 
carried on in 1916-17, and was taken up at the point where that work was 
closed in the vicinity of Fort Smith, Ark. 

In the latter part of October a building party, which had been operating in 
Oklahoma, was transferred to this work. 

Observations were begun October 15 and ended December 14, when 18 
stations had been occupied. It was not necessary to reoccupy any station. Due 
to the mountainous country and the fact that the outfit had to be packed to 
all stations, except at the last part of the work, it was not possible to make 
more than one station every two days under the best of conditions. This 
average was obtained for periods of several days at a time, but could not be 
maintained during long periods on account of unfavorable weather and the 
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resulting bad roads. Several periods of rainy weather, and, at times, foggy 
weather, caused delays of many days. 

The work was brought to a close in the vicinity of McAlester, Okla., just after 
all of the stations in the Savanna base net had been occupied. When work is 
resumed in this locality the chief of party recommends that the base line be 
measured before proceeding wltli the triangulation. McAlester affords best 
facilities for tlie organization of a party of any place in this locality, and from 
there the base line Is easily accessible. 

The base is an old base line of the Geological Survey, but the north base 
station has been destroyed, and as the reference marks are somewhat Indefi- 
nite the check on the GeH)logical Survey base will be rough. In order to avoid 
building a 30-foot signal the new north base station (as established by the Coast 
and Geodetic Survey party) was placed about 25 meters distant from the 
positicm of the Geological Survey mark. 

ARIZONA. 

[Clem L. Garner.] 

The primary triangulation betw(>en Nogales and Yuma, Ariz., which had 
been carried on by George D. Cowle, was completed after May 22, 1920, by 
Clem L. Garner, who occupied the three triangulation stations necessary to 
make connection with the Texas-California arc of primary triangulation. 

This work was done at the request of the War Department. 

Mr. Gnrner took up the work near Wei ton, Ariz., and closed work at Yuma, 
Ariz., March 30. 

After returning property belonging to the Army the party on April 7 left 
by truck for Albuquerque, N. Mex., by way of Prescott, Ariz., to take up work 
under another assignment. 

NEW MEXICO AND ARIZONA. 

[Clbm L. Gabner.] 

Summary of results. — Base lines: 1, 11.5 miles In length. Triangulation, primary: 
6,650 miles of area covered, 6 stations in main scheme occupied for horizontal measures, 
6 stations occupied for vertical measures, 22 geographic positions determined, 18 «^e": 
tlons determined trlgonometrically. Azimuth : 8 stations occupied for determlnttioo or 
azimuth. 

Between April 1 and June 30, 1920, a primary base line was measured and 
primary triangulation was done in the general vicinity of Belen, N. Mex. Th^^ 
triangulation is a link In the arc which will eventually extend from Little Rock, 
Ark., to the Texas-California triangulation just to the south of Williams, Ariz. 

The party started to the field on May 3 from Albuquerque to the Belen base 
line, a distance of 55 miles. Camp was established in the center of the base 
line 22 miles south of Belen, and actual work on the base line was begun May 
7. The base Is approximately 11.5 miles, or 18,300 meters In length. 

As soon as the base measurements were completed on May 26 the observa- 
tion of angles was begun. A subparty was organized to occupy the stations on 
the south side of the scheme while the chief of party made the observations on 
the north side of the scheme. 

All stations west of and Including North Base and South Base were occupleo, 
and by June 30 the work was completed to the line Taylor-Alegros, 6 stations 
having been occupied by this time. 

INDIANA. 
[J. 8. BILBT.] 

Summary of results. — Primary traverse: Reconnolssance and signal building com- 
pleted, 116 miles, oheerving 100 miles, taping and traverse completed 65 ™",% f', 
principal stations occupied for horizontal measures, 10 supplemental stations occopieo w 
horixontal measures. Azimuth r 7 stations occupied for determination of axlmnth. 

In the latter part of March preparations were made for making a reconnols- 
sance for primary triangulation or primary traverse approximately ^^^^ >!f 
center of the State from north to south. The trlangulatlcm was planned to 
start from the transcontinental triangulation and to connect at Its northern ena 
with the triangulation of the United States Lake Survey. 
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On April 25 the actual work on the ret'onnoissance and building was started. 
Tripp, a station on the transcontinental arc, 1 mile to the westward of North 
Vernon, was the initial point from which the work was started. The recon- 
noissance and building only were in operation until May 7 ; an (jhserving party 
was then organized, and the reconnoissanc*e, building, and observing were in 
operation to June 8. This part of the work was completed to a point 3 miles 
north of Noblesville, a distance of 90 miles. The combined party then moved 
back to North Vernon and started the tape measurements. By June 22 about 40 
miles of the measurement were completed, and work was resumed on the recon- 
noissance and building, and by June 30 all work was in full operation. 

Work had been completed by that date as follows : Reconnolssance and build- 
ing, from Tripp station to Kokomo, distance 115 miles ; observing of angles and 
azimuth, from Tripp to Tipton, distance 100 miles ; tape measurements, includ- 
ing grade levels, angles at A and B stations and all incidental work necessary 
to complete the traverse, from Tripp to near Pendleton station, in northeast 
In<lianapo]is, distance 65 miles. 

The work was started from Tripp, a station on the transcontinental arc, about 
1 mile to the westward* of North Vernon, and about 850 meters south of the 
Baltimore & Ohio Railroad track. The tape measurement was on stakes from 
Tripp to the Baltimore and Ohio Railroad; then on the Baltimore and Ohio 
Railroad east 1 mile to the junction of the Baltimore & Ohio and the Pennsyl- 
vania Railroads to Troy Street, thence east 2 miles (on concrete pavement) on 
Troy Street to Sherman Drive, thence north on (concrete) Sherman Drive 2 
miles to Prospect Street, thence east 1 mile on (concrete) Prospect Street to 
Emerson Avenue, thence north 5 miles on (concrete) Emerson Avenue to Thirty- 
eighth Street, thence west 2 miles on (concrete) Thirty-eighth Street to Key- 
stone Avenue, thence north on stakes along Keystone Avenue 1^ miles to the 
Lake Erie & Western Railroad, thence northward on the Lake Erie and Western 
Railroad through Noblesville to Kokomo. 

At the close of the fiscal year, June 30, 1920, the reconnolssance, building, ob- 
serving, tape measurements, and grade levels were in progress. 

INDIANA AND CALIFORNIA. 
[C. V. H0DG80N.] 

In June , 1920, an inspection was made of the primary traverse party operating 
in Indiana. The section of the party engaged in measures with tape was doing 
good work and making satisfactory progress. Part of the traverse was run 
through the outskirts of the city of Indianapolis. The traverse was run over 
the concrete pavements of the city with certain slight modifications in the exist- 
ing methods. 

Four or five days were spent with the forward section of the party whl.h was 
engaged in reconnoiasance, signal building, and observing horizontal angles. 
There, also, favorable conditions regarding progress of the work were en- 
countered. The party was then covering well over 100 miles per month, which 
was regarded as very good. 

The party engaged In primary trlangulatlon in California was next visited. 
Here the conditions were found to be less favorable, owing both to the topography 
of the country and the difficulty of obtaining the necessary labor. Progress was 
therefore slow. A double observing party had Just been organized which had 
previously been prevented by lack of men. 

The officer making the inspection left California July 17, and reported at the 
office of the Survey in Washington, July 26. 

OKLAHOMA, CAXIFOBNIA, AND OREOON. 
[J. S. BiLBT.l 

SuMMABT or BE8ULT8. — ReconiiolsRaiice for trlangulatlon : Length of scheme 876 miles, 
22,700 square miles of area covered, 87 points selected for scheme, 22 supplemental points 
selected for scheme. Base lines : 1 primary 9 miles In length. 

Field work of reconnolssance and signal building on the arc of trlangulatlon in 
Texas and Louisiana was completed on June 30, 1919, and the outfit and such 
members of the party as were needed were moved to Fort Smith, Ark., from 
which place work on the Arkansas-Oklahoma arc of trlangulatlon was taken up. 
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During the season of 1916 this triangulation had been extended from the 
vicinity of Little Rock westward, the observing party reaching Hartford, Ark., 
in the vicinity of the Arkansas-Oklahoma State line. At the close of the same 
season signals had been built and stations prepared to the vicinity of Ada, 
Okla., and 27 stations remained to be occupied. 

Tlu^se unoccupied stations were now Inspected, and signals were repaired 
and plumbed over the station marks. By August 1 the 27 unoccupied signals 
had been repaired and 1 new signal built. 

The signals erected in 1916-17 were all standing except one which had been 
removed. From others some of the braces had been removed. No signal had 
been damaged by storms. 

During the progress of the work in Oklahoma plans were made for work as- 
signed in California and Oregon. 

On August 12 the chief of party left Fort Smith, Ark., to take up the work 
In California In the region of Mount Shasta, stopping at Salt Lake City to 
confer with G. D. Cowle In regard to the work and to obtain a motor track 
for the use of the party. 

The shipment of the trucks ordered had been delayed, and it was necessary 
to make other arrangements for transportation. 

The chief of party arrived at Redding, Calif., August 21. While arranging 
for transportation and other details of the work the district engineer of the 
Forest Service and the forest supervisor of the Mount Sha.sta National Forest 
were consulted, and a plan of work was outlined in accordance with the needs 
of the Forest Service. 

By September 15 the reconnoissance for the Mount Shasta region had been 
completed and the results transmitted to the office of the Survey in Wash- 
ington. 

By the request of the assistant district engineer the Mount Shasta project 
was extended eastward to connect and furnish primary control for the surveys 
now being made by the engineers of the Forest Service In the Modoc National 
Forest. The headquarters office of the Modoc Forest is at Alturas, Calif. The 
forest supervisor at Alturas will cooperate in the work done in the Modoc 
Forest. 

Provision was made for several stations in the Klamath National Forest 
to furnish control for surveys planned by the Forest Service. The headquarters 
office of the Klamath Forest is at Yreka, Calif., and the forest sui>ervisor of 
the Klamath district will cooperate in the work. 

A connection was provided for with triangulation stations established by the 
United States Geological Survey in Shasta and Lassen Counties, Calif. 

Stations Bally and Bolivar, with Mears as third station, were used as a base 
for the Mount Shasta project. These are stations of the California- Washing- 
ton arc of primary triangulation. 

On the completion of the Mount Shasta survey the reconuoissauce for primary 
triangulation was extended across the State of Oregon in a northeasterly direc- 
tion to a connection with the Utah-Oregon arc of primary triangulation in 
Oregon and Idaho, in the vicinity of Nyssa, Greg. 

The reconnoissance for the California-Oregon arc was extended from stations 
of the Mount Shasta survey, following the most practicable routes and being 
always within reach of fairly good roads, so that no difficulty was found In driv- 
ing the motor truck within walking distance of all stations. The country is fairly 
well supplied with water, and there are many small stores at which gasoline, 
oil, and other supplies can be purchased, so that It was not necessary to carry 
a large amount of such supplies. 

The scheme of work passed through the Fremont National Forest, and In addi- 
tion to the stations In the main scheme several secondary stations were pro- 
vide<l which will furnish good control In easy reach of all parts of the Fremont 
Forest district. The headquarters office of the Fremont National Forest is at 
Lakeview, Greg. There Is no timber on the peaks and very little timber of any 
kind to the eastward of the Fremont Forest. There are a few scrub cedars and 
junipers in the draws and canyons. 

The reconnoissance was completed to a connection with the Utah-Oregon arc 
October 19, and the chief of party left Nyssa, Greg., October 20, to carry the 
reconnoissance outfit to Osgood, Ind. 
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UTAH AND ARIZONA. 

[George D. Cowib.1 

Summary or besults. — Reconnoissauce for triangulatioo : Length of scheme 125 miles, 
6^50 square miles of area covered by reconnoissance. Triangulation : 2.000 square miles 
of area covered, 9 stations in main scheme occupied for horizontal measures, 15 stations 
in supplemental schemes occupied for horizontal measures, 24 stations occupied for vertical 
measures, 40 geographic positions determined, 40 elevations determined trigonometrically. 

On July 1, 1919, work was in progress on the scheme of triangulatlon in 
Utah; undertaken at the request of and in cooperation with the United States 
Forest Service. 

The reconnoissance had been completed and observing stands erected, and ob- 
servations of horizontal and vertical angles had been begun. 

Observations bad been begun at the southern end of the scheme and were 
computeil about October 18. Difficulty was experienced on account of the light 
keepers not showing promptly on long lines and on account of deep snows and 
cold weather in the latter part of the season. 

The average elevation of the peaks occupied was 11,000 feet, but no great 
difficulty was experienced in packing to the peaks, as pack horses could be ob- 
tained usually within 80 miles of the stations. 

The area surveyed was about 2,000 square miles, and numerous tertiary points 
were located to control a planetable survey. 

At the close of the season the party was transferred to southern Arizona, and 
after a short time spent in reconnoissance began observations on the line from 
Nogales to Yuma. The work was undertaken at the request of the United 
States Army Engineers. 

Observation of angles was begun about December 1, and by the end of the 
year three stations, one of which was an azimuth station, had been occupied. 
The line starts from stations Baldy and Catalina of the Texas-California arc, 
follows the general course of the Mexican border, and is about 30 miles north of 
it Several points on the border will be tied into the work. 

During the season transportation was by rented cars and one Coast and 
Geodetic Survey motor truck, and by pack animals hired locally. 

On September 29 instructions were issued for the execution of certain triangu- 
latlon in Arizona which had been requested by the Chief of Engineers, United 
States Army, the work to be taken up on completion of surveys in Utah then in 
progresa 

The expenses of this work were partly provided for by funds allotted by the 
Chief of Engineers. 

After the close of field operations in Utah at the end of October such members 
of the party as were required, with the necessary equipment, were transferred 
to Nc^ales, Ariz. 

On November 18 the entire party started out to erect the primary stands and 
secondary poles in the first quadrilateral, which was rather large for the needs of 
the Army, but necessarily so on account of the long line of the Texas-California 
arc of triangulatlon from which this work had to start In one week sufficient 
bnUding had been completed to permit primary observation to begin, and the 
light keepers were placed on their stations, the observing party going to Mount 
Baldy on November 26. A blizzard and failure of light keepers to show properly 
delayed the party several days at this station. 

Several other stations were completely covered with snow, making climbing 
difficult and cold, and frequently keeping the higher peaks in dense clouds, 
Mount Baldy being completely covered for 10 days at a time. 

Once off the first quadrilateral, progress was better, the country being lower 
and drier. 

Throughout the season local men had to be hired as light keepers, and not 
one of them finished the season. At least a dozen men quit or were discharged, 
after working from 3 to 20 days; without notice, leaving their stations un- 
attended. 

Toward the end of the season, the building party having completed work and 
Joined the main party, the experienced men were used as light keepers and the 
work progressed rapidly. During this last month six difficult stations were 
occupied before the 21st and three more by the end of the month. 

At only two stations could pack burros be used to carry outfit, the rest being 
stations requiring from one to five hours back-packing with about 50 pounds 
per man. Water was scarce and roads poor, but in many places trucks could 
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be driven close to the foot of the mountain. Light Iceepers were supplied with 
kegs of water and supplies to run them nearly one month. 

Transportation was by means of 3 or 4 }-ton trucks, and one half-ton Dodge 
loaned by the Army. 

There were about 17 main stations, with about 7 boundary monuments occu- 
pied, and 12 secondary points, and In addition nearly 25 intersection stations 
at which signal poles were erected besides numerous natural objects. At 5 
stations azimuth was observed in connection with the regular work. An effort 
was made to determine a point in every 15 miles. 

As many of the mountains were difllcult and dangerous to climb, the light 
keepers and the observing party occasionally slept at the station in a blanket 
or the observing tent or else sat by a Are until daylight rather than attempt 
coming down at night. 

The entire work covered a distance of 250 miles, with a width of about 50 
miles, and ended in California on a station of the Texas-California arc 

WASHINGTON. 
[A. M. 80BIBRAL8KI.] 

SUMMABT or BE8ULTS. — RcconnolBsaDce for primary trlangulation : Length of scheme 
117 miles, 014 square miles of area covered. 65 points selected for scheme. Base lines, 
reconnolssance : 2 sites selected for base lines 5,300 and 8,600 meters In length. 

Under instructions dated July 31 and September 12, 1919, a reconnolssance 
was made for a scheme of primary triangulation extending from Puget Sound 
to the international boundary line to connect with trlangulatlon executed by 
the Canadian Government surveyors. 

The launch Audtoin, formerly a submarine patrol launch, was assigned for the 
use of the party but required extensive repairs to the engine and hull before 
being put in commission. Repairs were completed October 1, and October 2 
field work was begun. Work was closed and the party disbanded January 
11, 1920. 

The Puget Sound country Is heavily wooded, the trees attaining a height of 
175 to 200 feet, and a dense underbrush makes it difficult to travel away from 
the trails. Few lines can be found that are not obstructed by trees, and there 
are no prominent hills until the San Juan Islands are reached. Clearing is 
almost out of the question, and the great height of the trees makes scaffold 
building equally difficult. For these reasons the triangulation is necessarily 
confined to the shores. 

The shores are generally faced by steep gravel bluffs varying in height from 
50 to 300 feet. These bluffs are continually being eroded, and in many places 
are receding quite rapidly, often making it necessary to abandon houses built 
near the edge. Under these circumstances It is difficult to find a place for a 
permanent station, and most of the old stations have been destroyed. A special 
effort was made to recover two adjacent stations of the old scheme, but without 
success. 

The scheme adopted follows closely the original scheme of 1856. Some 
difficulty was experienced in finding enough of the primary stations in the 
vicinity of Tacoma for a line on which to start. The line Dron-Smelt was the 
only one available. 

A reconnolssance was made for two base lines, one in the vicinity of Seattle 
and one in the vicinity of Port Townsend. A site was finally selected along the 
West Seattle ridge and another along the shore of Admiralty Bay from Fort 
Casey eastward. These are 5,300 and 3,600 meters in length, respectively. 

The azimuth station at Port Townsend was recovered and provision made 
for a connection with the main scheme. 

A connection with the trlangulatlon by the United States Army Engineers was 
provided for in the vicinity of Protection Island. 

CALIFORNIA. 
[B. W. ElCKBLBEBG.] 

Summary or results. — Trlangulatlon : 875 square mUes of area covered. 21 observing 
stands erected, 4 stations In main scheme occupied for horizontal measures. 5 stations 
occupied for vertical measures. 7 geographic positions determined, 7 elevations deter- 
mined trlgonometrlcally. Leveling? : 2.6 miles of levels run. Azimuth : 1 azimuth station 
occupied, observations for azimuth made on 1 night. 

In June, 1920, a party was organized for carrying on the primary triangula- 
tion from the vicinity of Mount Shasta, Calif., northeastwardly across Oregon 
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to the vicinity of Ontario, Oreg., following a reconnoissanoe made during the 
season of 1919. 

This work was undertaljen in cooperation with the Forestry Service. 

Field work was begun June 12 at Redding, Calif., and was In progress at 
the close of the fiscal year. 

ARIZONA AND CALIFOBNIA. 
\C. V. H0IK3S0N.] 

Summary or results. — RcconnoinHAncc : Length of scheme 45 miles ; 1,350 square miles 
of area covered ; 10 lines of intervisibllity determined ; 4 points selected for scheme. 
BA<e lines, one 10 miles in length. Triangulation : 8,650 miles of area covered ; 42 
observing tripods and scaffolds built, heights, one 42 feet (others instrument stands) ; 
14 stations In main scheme occupied for horizontal measures; 1 station in supplemental 
scheme occupied for horizontal measures ; 15 stations occupied for vertical measures ; 18 
eeograpbic positions determined ; 18 elevations determined trigonometrically. Azimuth : 
2 stations occupied for determination of azimuth. 

At the beginning of the fiscal year work was in progress in Arizona on the tri- 
angulation undertaken for the purpose of furnishing control stations for topo- 
graphic work by the Forest Service in the Arizona National Forest. Observa- 
tion of angles bad been begun June 8. 

The progress of the work was slow, owing to the difficulty of obtaining suitable 
labor and by reason of unfavorable weather; and on October 9 the chief of 
party was directed to discontinue observations, measure the Prescott base, and 
proceed with the connection of the California-Mexico triangulation in vicinity 
of San Diego, Calif. The measurement of the Prescott base was completed 
October 25. After consultation with Mr. Urquljo, who had charge of the tri- 
angulation party on the Mexican side, and making the necessary preliminary 
arrangements, observations were begun on the California-Mexican connection 
on November 8, and the work of the American observers was completed 
November 14, but owing to large closures It became necessary for the Mexican 
observer to reoccupy all of his stations and for the light keepers to remain at 
their stations until he had finished. The final results showed a satisfactory 
Tlosare. 

Field operations were completed November 23, and the party left San Diego on 
the following day. 

NEW YOBK. 

fO. W. Pbrguson.] 

8UMM.AHY OF RESCi/FS. — Prcclse leveling : 481 permanent bench marks established. 131 
t«'iDporary bench marlcs established, 310 miles of leveling run. 

At the beginning of July, 1919, work was In progress on the line of precise 
levels westward from Rouses Point, N. Y., and 9.8 miles of leveling had been 
completed. 

The work was done on foot, but the party and equipment were transported 
to and from the locality of the work by automobile. 

The route followed was along the Rutland Railroad, surmounting a high 
SDmmit at Churubusco, to Norwood, then southwestward through Potsdam, 
Canton, and Waterford, skirting the Adlrondacks. A 30-mlle spur line was 
run to Cape Vincent and Tibbets Point, then back to Watertown and continuing 
throagh Richland, Pulaski, Oswego, Scrlba, Sodus, Williams, and many smaller 
towns. The line presented many steep grades. The region traversed Is mostly 
Cleared and occupied by dairy farms. 

Connections were made whenever practicable with (geological Survey and rail- 
road bench marks. Two hundred and twenty-four such bench marks were re- 
covered and connected with the line of precise levels after June 30. 

The average progress made was 66 miles a month, and the greatest length of 
line mn In one day was 10!68 miles. 

Work was closed November 25, 1.5 miles west of Williams, Wajme County, 
N. Y. connection having been made with the line of precise levels run by Paul 
M. Tmeblood eastward from the vicinity of Niagara Falls, N. Y. 
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TEXAS AND LOtllSIANA. 
[C. M. DUBGIN.] 

Summary of results. — Precise leveling: 168 permaneDt bench marks established; 360 
miles of leveling run between July 1, 1919, and January 6, 1920. Precise leveling was 
done as follows : July 1. 1919, to August 20, 1919 between Jewett and Gallatin ; Aagnst 
20 to November 14, 1919. between Stonewall and Naples, La. ; November 14 to 22, 1919, 
river crossing with precise levels at New Orleans, La. ; November 22, 1919, to January 
6, 1920, in Texas and Louisiana between Stonewall, La., and Tenaha, Tex., with spar line 
from Keithville to Sbreveport, La. 

The line of precise levels from Ulllslwro, Tex., to Naples, La., followed the 
Trinity & Brazos Valley Kailway and Houston & Texas Centml Railroad from 
Hillsboro to Jewett, Tex. From Jewett to Palestine, Tex., the line of levels was 
carried along the International & Great Northern Railway, and from Jackson- 
ville to Gallatin, along the Texas & New Orleans Railroad. The Texas & Pacific 
Railway was used between Shreveport and Alexandria, I^. ; The Louisiana 
Railway & Navigation Co. between Alexandria and Naples, La. ; and the Hous- 
ton East & West Texas Railway from Keithsville, La., to Tenaha, Tex. A short 
spur line between 3 and 4 miles long was run north from Alexandria, La., along 
the Missouri Pacific Railroad to give grade corrections for the precise traverse 
which had already been started toward Natchez, Miss., before it was decided to 
carry the traverse to Naples from Alexandria, La. 

One 12 BM Buda motor velocipede and one Mudge E6K were used to trans- 
port the party to and from and during the work, from July 1 to November 14, 
1919. The instrument was mounted upon the Buda car. This is a very satis- 
factory arrangement, as the Mudge can be used by the recorder and one 
rod man during the work in moving from one instrument station to anotbtf. 
Prom November 14 until the end of the season two Mudge motor cars were 
used. After December 14, on account of the high charge for services of con- 
ductor, hired automobiles instead of motor cars were used for transporting 
the party. 

On August 20, 1919, the party was transferred from Jacksonville, Tex., to 
Mansfield, La., in order to follow closely the party which was carrying precise 
traverse from that point to the Mississippi River. In leveling in connection 
with the precise traverse, connection had to be made with points on the track 
opposite traverse stations, mile poles, railroad stations, water tanks, trestles, 
section houses, etc., and also on the top of the rail at the top and bottom ot 
grades, In order that inclination corrections might be computed for the taping 
done by the traverse party. 

Connection was made with trlangulation stations which could be easily 
reached in order to give a horizontal control to the trlangulation. Nearly all 
traverse stations were connected with and these served as permanent bench 
marks. 

In order to keei> from having that part of the line of precise levels between 
Mansura and Naples, La., a spur line, a river croaslng was made. across the 
Atchafalaya River between Naples and Barbres Landing. At Barbres Landing 
connection was made with two bench marks of the Engineers, U. S. Army. 

A river crossing across t"he Mississippi River near New Orleans, La., was 
made for the second time. 

Between Jewett and Gallatin, Tex., and between Tenaha, Tex., and Naples, 
La., a distance of 360 miles, 168 permanent bench marks were established, an 
average of 1 permanent bench mark for every 2.1 miles. 

Conductors were required to pilot motor' cars on the following railroads: 
International & Great Northern Railway, Texas & New Orleans Railroad, Hous- 
ton Ea.<?t & West Texas Railway. 

CALIFORNIA AND ORKOOX. 
[C. A. EONEB.] 

Summary of results. — Precise leveling : 237 permanent bench marks established. 298 
secondary bench marks established, 882.9 miles of levels run. 

On July 1, 1919, work was in progress on the line of precise levels along the 
line of the Southern Pacific Railroad from Kirk, Oreg., toward Roseville, Calif- 
Permanent and temporary bench marks had been set from Lelu, Oreg., south- 
ward to Ady, Oreg., a distance of 26 miles, arul leveling had been done on two 
days. Work on the spur line to connoct with the Geological Survey bench 
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marks at Klamath Indian Agency was assigned to a subparty, while the main 
party continued southward from Klamath Falls, using t\vo motor cars. In 
August one of these cars was damaged by a wreck in a tunnel near Dorris 
and the party was deprived of its use for a month. Proceeding with one car 
fair progress was made in spite of heavy grades below the sunmiit at Grass 
Lake, Calif., so that by Labor Day that part of the work on the section north 
of Weed was completed and the two parties were ready for leveling on the 
main line down the Sacramento Valley. 

At this time two additional motor cars were received and Inspection was 
made of the work by an officer from Washington. Some delay was caused by 
another wreck and the caving in of a tunnel on the Southern Pacific Railroad. 

The season's work closed at Rosevllle, Calif., November 23, and the party 
proceeded to San Jose to take up another line. 

The ofladals and employees of the Southern Pacific Railroad cooperated with 
the leveling party in ever>' way practicable. 

CALIFORT^IA. 
[C. A. BONBB.] 

Summary or rksults. — Precise leveling: 240 permanent bench marks established, 481.0 
miles of levels run. 

Between December 1, 1919, and March 19, 1920, a line of precise levels was 
run from San Jose, Calif., along the coast line of the Southern Pacific Railroad 
to Santa Ana, Calif., with spur lines from Del Monte Junction to Monterey and 
from Loe Angeles to San Pedro, Calif. 

Having closed the previous season's work at Roseville, Calif., late in Noveni 
ber, the two sections of the party were immediately transferred to San Jose, 
Calif., and Salinas, Calif., the chief of party running his equipment through 
to the former place to make connection there with Coast and Geodetic Survey 
bench marks of. the 1912 work which were to provide the elevation to be carrieii 
through, one subparty being instructed to start leveling at Salinas and to work 
south. Plans having worked o\it as tlesirotl, botli s^K*tions were ready to start 
leveling on December 1. As several trained men remained with the party 
through the transfer from a party in I^uisiona, the equipment was likewise 
excellent. 

Connection was made with the work of the subparty near Salinas, Calif., 
as well as the spur line to Monterey, there to tie onto a previously established 
UOa\ bench mark and connect with tidewater. 

The leveling moved onward with accelerated speetl throughout January. By 
the end of the month the subparty had moved south to Ventura, Calif., for the 
final stretch. There, in spite of discouraging ill fortune with wrecks, injuries 
to men, etc., work was continued in February, and the greatest amount of prog- 
ress was made in that month. The desert country along the const from San 
Luis Obispo south furnished an incentive for speed, and Santa Barbara was 
reached by the main party early enough for us to move to Los Angeles by Wash- 
ington's Birthday. Here were encountered the usual dlfllculties incident to 
work .with a large city, and it was a real relief to move on down the line to com- 
plete the work near Santa Ana. Conditions here approached the ideal, and with 
favorable weather the connection with the previous work at Santa Ana, as well 
as the spur line to San Pedro, was carried out promptly. A subparty was 
meanwhile approaching Los Angeles from the north, so that both sections com 
pleted their part of the field work simultaneously. The season's work was 
. closed at Burbank, Calif., on Friday, March 19, the records having been mailed 
on that date, the equipment shipped, and the party en route to the new line In 
northern California. 

Connection with tidewater was made at Monterey, and at San Pedro, Calif. 
Previously established bench marks at Gaviota and San Pedro, Calif., with 
which it had been intended to connect, were not found. 

Motor- velocipede cars were used In this work for the transportation of per- 
sonnel and equipment Greatest progress made in one day was 25.5 miles of 
single line on March 9, an amount that has not been exceeiled in work of this 
class. 

Connection was made thijoughout with bench marks established by the U. S. 
Geological Survey. 

The officials of the Southern Pacific Railroad cooperated In the work. 

1278a— 20 ^10 
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CALTFOBITIA AND OREGON. 
[C. A. BONBB.) 

Summary of ebsults. — ^Precise leTellng: 199 permanent bench marks established. 265 
temporary bench marks established, S26.7 miles or levels mn. 

Between March 22 and June 13, 1920, precise leveling work was done on a line 
along the route of the Southern Pacific Railroad from Weed, Calif., northward 
toward Portland, Oreg. After June 13 the work was continued by another 
officer. In order to expedite the work two men were detailed to set bench 
marks for that portion of the work from Weed, Calif., to Portland, Greg., a dis- 
tance of 425 miles. This work was satisfactorily accomplished. 

The route during March was over the most difficult portion of the road. ^£hB 
summit of the Siskiyou range of mountains, more than 4,000 feet above sea 
level, rises near the California-Oregon State line, and here the combination of 
exceedingly heavy grades, dangerous curves, and bad weather retarded prog- 
ress. In the latter part of April and throughout May the weather was more 
favorable, and good progress was made. 

The charge of the party was transferred to another officer on June 13. 

OREGON. 
rCASPKR M. DURQlN.l 

SUMMABY OF BK8ULT8. — Leveling: 55 miles of levels run, 24 permanent bench marta 
established. 

On May 5, 1920, the wt)rk was begun of organising a party to run a line of 
precise levels across the State of Oregon from the vicinity of Klamath Falls to 
Ontario, Oreg. A subparty was organised in order to expedite progress in this 
work. 

Automobile trucks were used for the trauHjMirtation of the party. 

The work was In progress at the end of June. 

TEXAS AND IX)UI81ANA. 

[W. B. I^'AiRFiBLD and J. B. McGbath.] 

Summary op results. — Latitude and longitude: 6 primary latitude stations eaub- 
lisbed, 9 differences of longitude (telegraphic) determined. 

During the period between July 1 and December 31, 1919, differences of 
longitude were determined between La Place, Tex. (Elagle Pass), and Johnstone, 
Tex.; Dryden, Tex., and Johnstone, Tex.; Dryden, Tex., and Stanton, Tex.; 
Tehuacana, Tex., and Austin, Tex.; Tehuacana, Tex., and Jacksonville, Tex.: 
Mansfield, La., and Jacksonville, Tex. ; Mansfield, La., and Boyce, La. ; Terras, 
I^., and Boyce, La. ; Torras, La., and Little Rock, Ark. 

Latitude was determined at Drj'den, Tex.; Johnstone, Tex.; Tehuacana. 
Tex. ; Jacksonville, Tex. ; Boyce, La. ; and Torras, La. 

On April 23, in accordance with instructions, certain test measurements were 
made at Weaver triangiilation station. La. 

Field operations were closed for the season on April 28. 

The Western Union Telegraph Co., as usual, rendered assistance in t*^® "* 
of their lines and making necessary connecrtions. 

COLORADO, NEBRASKA, SOUTH DAKOTA, AND WYOMING. 
[E. W. ElCKBLBERG.l 

SUMMABY OF KESUi/TS. — Bight Stations occupied for relative determinations of graritj- 

Between October 6 and December 5, 1919, determinations, were made ^^ Jza 
relative force of gravity at stations in South Dakota, Nebraska, Wyoming, a 
CJolorado. jn 

The usual method of observing was followed. Pendulums were swung^ 
12-hour periods, timed by two sidereal chronometers, whose rates ^^'^^ 
termlned dally from the Western Union time signals. Pendulums w^'^JL^ 
before swinging. An extra pendulum was placed In the comer of ^^.y^cb 
order that it might attain the proper temperature before swinging. ^^ 



Digitized by 



Google 




Digitized by 



Google 



Digitized by 



Google 



BBPORT OF DIRBCTOB, COAST AND GEODETIC SURVEY. 147 

fltatiou one pendulum was swung 24 hours and a second pendulum 48 hours. 
The same pendulums were never used at succeeding stations. 

The pendulums were standardized at the beginning of the season and re- 
standardized at its close. 

Eight stations were occupied during the season. 

DISTRICT OF COLUMBIA. 
(E. W. ElCKBLBBBO.] 

Between January* 21 and April 23, 1920, a determination was made at Wasli- 
iDgton, D. C, of the constants of invar pendulums. 

In order to be able to take observations in the field at such places where the 
temperature control is poor, pendulums were constructed of invar on account 
of the low cocrfBcient of expansion of that metal. 

For the determination of temperature constants each pendulum was swung 
two days each at low and high temperatures, the pressure being held constant, 
l^us the difference in period obtained was due to the change In temperature. 
The dummy pendulum carrying the thermometer in invar filings was in the case 
and a third pendulum in the corner of the case. Swings were 12 hours In dura- 
tion, the time being obtained from two chronometers corrected daily by Western 
Union Naval Observatory time. The pendulums were swung on knife-edge Bl 
In " B *' receiver and also " A " receiver. The " B ** receiver developed an air 
leak at high temperatures, which was finally located in the knob on the cover. 

For the determination of the pressure constant each pendulum was swung for 
one day at high pressure and one day at low pressure. 

The detailed results obtained from the pressure and temjierature swings were 
tabulated. The change In period for 1° change in temperature with tJie alumi- 
num-bronze pendulums is 41.5 in the seventh place. With the invar pendulums 
the change in period is 2.8 or about (me-flfteenth that of the bronze. The pres- 
sure constant was found to be 10 per cent less than that of the aluminum-bronze 
pendulums. 

Magnetic Wobk. 

maryland (cheltenham magnetic observatory). 

[George IIartnell.] 

The regular work of the Cheltenham Magnetic Observatory has been satisfac- 
torily continued throughout the year. 

C^rth inductor No. 26, after undergoing repairs In the instrument section of 
the Survey, was remounted and observations with it were begun January 5, 
observations with the substitute earth Inductor No. 22 being discontinued. Earth 
inductor No. 26 has worked satisfactorily. 

After three years' service witliout adjustment, Z variometer No. 5 was re- 
moved for cleaning, June 17. For the purpose of special investigations, it was 
mounted on a frame attached to pier B in the W wing. New pivots were in- 
serted, measurements and deflections were made, and periods were observed. 
Many interesting facts were brought to light, and doubtless a report on this 
work would prove of value and Interest to others. In general the performance 
of Z No. 5 has been exceptionally satisfactory. 

The painting of the observatory buildings was completed In the middle of 
June. At the present time all the observatorj* buildings are in a good state of 
repair. 

ALABAMA, CONNECTICUT, INDIANA, KENTUCKY, MAINE, MARYLAND, MASSACHUSETTS, 
MICHIGAN, MISSISSIPPI, NEW HAMPSHIRE, NEW JERSEY, NEW YORK, OHIO, PENN- 
SYLVANIA, RHODE ISLAND, TENNESSEE, VERMONT, WEST \1RGINIA. 

[W. W. Meerymon.] 

Stations occupied. — Alabama : Florence,* Tuscaloosa.* Connecticut : New Liondon. 
Indiana: New Albany. Kentucky: Bowlins: Creen.* Maine: Bangor,* Eastport,* Harri- 
•on.t Hiram.t Portland.* Maryland : Oakland.* Massachusetts : Newburyport t, Wor- 
cester.* Michigan : Detroit* Mississippi : Jackson,* Meridian,* Wiggins. New Ilamp- 
Bhire: Bradford,!: Claremont .Tunction.t Contoocook,t Danbury.t Hanover,* Ilillsboro, 
Windbam Depot.t New Jersey : Trenton.* New York : Albany,* Buffalo,* Greenport, 
Ithaca,* Jamaica, Mineola, Norwich, Rivorhead, Rochester,* Utica.t Ohio : Cincinnati,* 
McConnellsville.t Pennsylvania : Easton,* Harrisbnrg.* Rhode Island : Kingston,* 
Providence.* Tennessee : Nashville,* Vermont : Burlington,* Cambridge.t Hardwick.t 
Rutland,* 8t Johnsbury,* West Burke.t West Virginia : Berkeley Springs, Middlebourne, 
Parkersbnrg. 
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Between July 1 and December 22, 1919, the three magnetic elemejits were 
determined at the places named. Old stations were reoccupied at the places 
marked by an asterisk (•). New stations were established and permanently 
marked at places marked by a dagger (t). Stations were occupied but not 
permanently marked at places marked by a double dagger (t). 

In the course of the work many local surveyors and engineers were met who 
showed much Interest in the magnetic observatltms. Many requests for mag- 
netic data were received. 

ARIZONA (TUCSON MAGNETIC OBSERVATORY). 

[William U. Cullum.] 

At the Tucson observatory the magnetic instruments have be«i In continuous 
operation except for short periods when it was necessary to adjust the Instm- 
ments or make minor repairs. 

Scale value observations were made at frequent Intervals. • 

Absolute observations were made once each week. 

The Bosch-Omori seismograph was in continuous operation except during the 
period from August 23 to November 16, when It was necessary to make certain 
repairs. Twelve earthquakes were recorded during the year. 

Meteorologlc observations were made dally. 

Time signals for the correction of chronometers were obtained each week from 
the observatory at Mare Island, Calif. 

CUBA, FLOEIDA, HAITI, PORTO RICO, SANTO DOMINGO, AND VIRGIN ISLANDS. 

[Wm. W. Mhrrtmon.] 

Stations occupied. — Cuba : Guantanamo Bay, U. S. Naval Station, Habana (Caw 

Blanca Station). Habana (Jesuit Villa ma^Ptic station). Brunell.t Fort Lauderdale.f 

Florida: Key West* Haiti: Port au Prlnce.f Porto Rico: Mayaguez.t Santo Do- 
mingo : Porta Plata.t 

While on his way to take charge of the magnetic observatory at Vieques, P. B., 
the observer assigned to that duty made magnetic observations at Uie stations 
named above. 

Old stations reoccupied are Indicated by an asterisk (*). New stations estab- 
lished and permanently remarked are Indicated by a dagger (t). 

The stations at Hnbana, Cuba (Jesuit Villa magnetic station), and Mayagoea, 
P. R., were approximately reoccupied. 

CALIFORNIA. 

[H. B. McCoUB.] 

Stations occdpied. — California: Alcatraz Island, Alameda, Angel Island, Fort Baker, 
Hnntera Point. North Point, Point Bonita. Point Lobos, Red Rock, Sausalito and Yerbt 
Buena Island (Goat Island). 

Between October 31 and November 15, observations of the three magnetic ele- 
ments were made at the stations In vicinity of San Francisco named above. 

This work was done In connection with the laying out of compass ranges for 
San Francisco Bay. 

At Yerba Buena Island and Hunters Point comparison observations were 
made with magnetometer No. 40 and compass declinometer No. 4. Intensity 
observations were also made at Yerba Buena Island. 

AULSKA. 
[F. H. Hardy, Commanding Steamer Surveyor.} 

Summary of results. — Trlangulatlon (secondary) : 1.870 square miles of area covered, 
24 si^ial polrs erected, 12 observing scaCfolds and tripods built, 18 stations in main 
scheme occupied for horizontal measures, 3 stations in supplemental schemes occupied 
for horizontal measures. 18 stations occupied for vertical measures, 59 geographic posi- 
tions determined, 20 elevations determined trigonometrlcally. Topography : 28 miles of 
detailed shore line surveyed ; 2 topographic sheets finished, scale 1 : 20.000. Hydrog- 
raphy : 30.*» souare miles of area covered : 438 miles run while sounding ; 194 positiona 
determined (double angles); 296 soundings made; 2 tidal stations established; 1 
hydrographic sheet finished, scale 1 : 20.000. Physical hydrography : 880 miles run In 
deep-sea sounding, 4 deep-sea soundings made, 3 specimens of bottom preserved. 

The Surveyor left Seattle for Alaska on July 9, 1919. On July 12 the vessel 
stopped at Metlakatla and took on some dories which were needed for the 
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season's work. On July 14 the first deep-sea sounding was taken. Work was 
completed in the vicinity of Shelikof Straits on October 9, and the vessel left 
Kodiak on the following day for revision work at Sitka, which was commenced 
on the 27th and completed on the 28th of October. The vessel sailed for Seattle 
October 29, and arrived November 4. 

In accordance with instructions a line of deep-sea sounding was carried across 
the Gulf of Alaska from Cape Ommaney to Kodiak Island. These soundings 
\yere located by sights and dead reckonings. On the return trip only one 
sounding was taj^en. The soundings were taken with a Sigsbee deep-sea sounding 
machine. 

It was planned to keep as many parties in the field as the complement and 
surveying equipment on board would allow. For this reason a subparty was 
operating from a camp in Kuiukta Bay extending the triangulation to the east- 
ward. This scheme was necessarily made up of small figures needing neither 
heliotropes nor night signals. Four observers were kept in camps during the 
greater part of the season, observing in the main scheme in Shelikof Straits. 
The executive ofllcer did some observing and most all of the reconnolssance, 
while other observers were carrying forward the work. At no time did the 
reconnolssance, which by no means was easy, Interfere with the progress. 
During the last part of the season while four observers were occupying stations 
of the last quadrilateral In Shelikof Straits, the executive officer with a sub- 
party made the reconnolssance and built and marked the stations for connect- 
ing the work in Alitak Bay with that of Shelikof Straits. When no delay 
would be caused to the work of carrying forward the triangulation the ship was 
used for hydrographlc work, and at all anchorages current observations were 
made. On runs from Shelikof Straits to Alitak Bay and also to Kuiukta Bay 
reconnolssance soundings were made. As the supply of oil which could be fur- 
nished by the Pacific Steamship Co. was limited and the cost great, the vessel 
was used as little as possible in other than triangulation work. 

The principal work called for in the instructions was the connection of 
triangulation extending from the work previously done in Shelikof Straits with 
that which had been done as far east as Mltrofanla. This was a stretch of 
^ore line of approximately 175 miles. The work was commenced when the 
days were becoming appreciably shorter. The season was a very short one. 
It was desired to accomplish this work if possible. Owing to the short time 
available the only possible way of doing this during the season was to find 
a point on Kodiak Island which would be intervlslble with one of the Semidi 
Islands, or possibly by expanding to a line from a point on the main land to 
the triangulation station Dome located on the highest point on Sltklnak Island. 
Although the available heights indicated that the Semldl Islands would not be 
Intervlslble from any point on Kodiak Island or any of the Trinity Island 
group, it was reported from local sources that a man who spent a number of 
seasons on the Semldl Islands stated that on clear days he often saw the moun- 
tain ranges on Kodiak Island from the highest point of Aghlyuk Island. With 
the possibility that they might see one of the group of Semidi Islands a recon- 
nolssance party was left on Sltkinak Island for a period of approximately 10 
days, but during that time they had very bad weather, and they were finally 
picked up and this plan given up. As only four observers could be used on The 
main scheme in extending the work of triangulation of 1908 in Shelikof Straits, 
and in view of the number of observers and Instruments available, it was de- 
cided to put a subparty in Kuiukta Bay to extend the work done by the party 
on the Patterson In 1014 through to Chignik Bay. This party was provisioned 
for four weeks and the motor whaleboat, the only dependable launch, with the 
exception of the motor sailboat, was left with them. 

The last line determined in the triangulation of 1908 was from Kubugakli 
to Karluk. The former station was recovered as described, but the latter sta- 
tion had been caried away by the eroding of the cliff forming Cape Karluk. 
This necessitated reoccupylng Ilktugltak and Uyak, and observing directions 
to the new station established on Cape Karluk. The next quadrilateral was 
Irom the line Kubugakli, Karluk (1919), to line Kekumol. Ridge. Ridge was 
selected so that it could be used for the connection of the triangulation In 
Shelikof Straits with the independent triangulation done in Alitak Bay In 
1906. To find a point to meet these requirements necessitated two or three 
days of roconoissan^ e, as the land south of Cape Kekumol Is quite high and 
Irregular. Karluk as seen from Ridge shows through a gap in these hills, 
and the party was very fortunate in being able to locate any station which 
would meet the double requirements mentioned above. The next figure was to 
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have extended from the line Ridge. Kekurnol to a triangulatlon point on Cape 
Unali8haff\'ak to Ikolik. The side Ridge to Ikolik was used for a base from 
which to extend a scheme to join the triangulation done in Alitak Bay. The 
strength of the determination of this side was increased by a supplementary 
chain of figures extending down tlie west coast of Kodiak Island and including 
Sturgeon, Grant, and M!ddU». Two |K)lnts w(»re selected on Cajie Unalishagvak 
to make a base from which a scheme of qundrilaternls could be extended in 
small figures down the Alaska Peninsula to join the work of 1914. Tills base 
would be only 34 miles in length, and it is short for going ahebd. There Is a 
mountain about 4 miles back from Cape ITnalishagvak that could and prob- 
ably will be used which gives a base of 7 or 8 miles. A camp was established 
at Kubllgakli on October 15. and on the following day an observing party 
was landed at Ikolik and (m the succeeding day on Unalishagvak. Observation 
parties had been in camp at Ridge since August 21. These parties were con- 
stantly at the station during any good weather, but although they were in 
camp 25 days no observer succoe<led during that period in seeing a heliotrope 
at any station across the straits. As it was getting late in the season the 
strength of the whole party was occupied in completing the ctmnection of the 
triangulation with that in Alitak Bay. and there were no days after these 
camping parties were picked up until leaving the working grounds wlien any 
of the long lines of the quadrilateral could have been observed. 

Kulukta Bay: The triangulation was carrle<l from the line Vi lage-Gray 
to the line Portage-Mud. which looks down riiignik I.agoon. However. Mud 
was marked only by a small nail driven in the top of a 3 by 3 stake and its 
location is too weak. Mud was built in foggy weather, and it was hoped 
that It would .see Bobby. Bobby .see.s a part of C'hignlk Lagoon. Determination 
of Mud can be strengthened by the interlocking of figures and observe<l from 
Bobby, Tastle, and I*ortage. The portage from- Kulukta Bay to Chigni^ 
Lagoon is made by tive or six natives with two light skiffs In two days. The 
walk across is hard, wet, and a half day's job. The observing was done with 
a 7-inch repeating thtM)dolite. Except at Village only one set was taken. Be- 
cause of the time required to reacli stations (due to elevation and distance two 
sets and a round of angl(^ could not be taken at one trip. Castle and Kuiukta 
were observed on days that were thick till noon and In a strong wind. Porta;?e 
was observed after the ship had come during the forenoon. Tlie fog bank 
was within a half ndle when observing finished at Bobby. The only good 
days lost wen* in trying to climb stations I^t and Gray from Foott* Bay. 
Much of the signal building and marking of stations was dcme on rainy or 
thick days. 

Four ol)S(M'vers were usxhI in the completion of this work, which was accom- 
plished in four days. The dlstjince betw(»en the two bas«^ was 30 nautlcnl 
miles. The country is high and travel difficult. 

A limited amount of hydrography was accomplished from Cape Uyak south 
to Halibut Bay. The equipment for taking soundings at 100 fathoms or there- 
abouts was incomplete. Keconnoissance sounding lines were run along the 
south shore of Ivodiak Island and between Kodiak Island and Chignik. 

Automatic tide gauges were established and observers employed at K(»diak 
and Baralof Bay. The old bench marks at Kodiak were connected by levels 
to tide staffs installed and two new ones established. In Baralof Bay three 
bench marks were established and connected with a line of levels to the tidal 
station. 

[F. H. Hardy, CommandioR Steamer Surveyor.] 

Summary of results. — Reconnoissanco : Length of scheme 60 miles, 500 square miles 
of area covered, 25 lines of intervisibility determined, 16 Roints selected for scheme. 
Triangulation : 825 square miles of area covered, 14 signal poles erected, 8 stations in 
main scheme occupied for horizontal measures, 4 stations occupied for vertical measures. 
Magnetic observations : Shin swung at 1 station at sea. Hydrography : 350 square miles 
of area covered, 179.9 miles run while sounding. 240 positions determined (double 
angles), 240 soundings made, 2 tide stations occupied. 

From January' 1 to March 30, 1920, the Purveyor was at Seattle, Wash., 
undergoing? repairs and outfitting for the .season's work in Alaska. 

The vessel sailed for the working grounds in Alaska March 31, and arrived 
at Ketchikan April 4. Leaving Ketchikan April 10, the ^vri-cyor arrived at 
Kodiak April 15, and thence prcKeethnl to Uyak and Baralof Bay to where a 
tidal gauge was put in operation, and a supply of fresh waiter was obtained. On 
April 19 the f^ioveyor proceeded to King (^ove, and work was begun of putting 
the launch Yukon in commission. 
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On May 6 the Surveyor proceeded from King Cove to Kodiak and afterwards 
to Latouche to obtain a supply of fuel oil, leaving an officer and 12 men to 
continue work on the Yukon, Ueturnlng from Latouche to the working grounds 
off Shelikof Straits on the 12th, three observing parties were put In the field, 
one at Cape Kekumoi, one at Cape Unalishagvak, and the other at Cape Ikolik. 
These triangulation stations are 25 to 45 miles apart. The following morning an 
observing party was landed in Halibut Cove to occupy station lUdge. After re- 
maining at anchor in a heavy northeast gale for two days, the vessel left Hali- 
but Cove on April 14 and arrived at King Cove on the 15th at 8 p. m. During 
the absence of the vessel the party left at King Cove had completed the repairs 
to the Yukon, launcheil her, and had coal and stores on l)oard. On the 18th the 
Surt^eyor left King Cove with the YuJ^on in tow, anchoring that night in Kupre- 
anof Harbor. The next morning, under her own steam and couvoyetl by the 
Surveyor, the Yukon proceeded via the inside passage to Mitrofaiiia where party 
was left on her to do the rwoiinoissance and signal building for a scheme of 
triangulation extending from Mltrofania to Castle Cape, along the outside coast. 
The observing parties on the large figure in Shelikof Straits were still in camp 
at the end of the fiscal year, and the recoimoissance for the extenslcm of the 
triangulation from Mitrofania to Castle Cape had been complete<l. 

It was planned to keep as many imrties in the Held as the complement and sur- 
veying equipment on board would allow, and before reaching the working grounds 
to put out four observing parties in Shelikof Straits to comiilete the large figure 
Kubugakli, Ilidge, Ikolik, and Top, which was not completed last season. Ow- 
ing to the severity of the weather and the quantity of snow it was impracticable 
to establish these parties ui)on arrival and the whole party was taken to King 
Cove to put the Yuk^w in condition. These parties were established in Shelikof 
Straits at the stations mentioned, upon the first trip for oil, May 12 and 13. The 
principal and most lnnK)rtant part In the work called for in the instructions 
was the connecti<m of tlie triangidation in the vicinity of Shelikof Straits with 
that in the vicinity of Mitrofania. As the extension of the western part of this 
work necessitated reconnoissance, the work could be carried on just as fast and 
more economically by leaving this work from Cape Ikti to (^astle liay to a party 
on the launch Yukon and utilizing the remaining ollicers and instruments In ex- 
tending the work from Shelikof Straits to the westward, where mountain peaks 
had adready been determined and the ship could be ustMl for hydrographic 
work while the triangulation was in progress. 

An officer with a party of 12 men on the launch Yukfm was left to do the 
reconnoissance and extend the triangulation from the work in that vicinity of 
last year to Castle Cape along the outside coast, locating points for the to- 
pography and hydrography which was to follow. On Juni» 7 an officer who had 
complete<l the observing at Ikolik was transferred ti> the Yukon to aid In this 
work. The stretch of country to be covered was extremely irregular and moun- 
tainous, the inniks being from 1,80() to 2,4(K) feet in height and very rugged, 
making climbing exctH'<ling difficult, and necessitating a great deal of time in 
reconnoissance to get figures which would meet the rtHiuirements of secondary' 
triangulation. These peaks are covered with fog a greater portion of the time, 
and it is impossible to carry a scheme acro.ss this country without utilizing the 
higher peaks. The most severe weather in this section of the country was ex- 
perlenctMl the week before and the first week after arrival. The winter having 
been extremely mild, the .snow on the mountain tops was not as deep in May 
as it had betm last year in July. However, many of the peaks of 1.8(K) feet or 
more were still covered with snow, and the cones of hardened snow made climb- 
ing difficult and dangerous. Summits, even sharp ones, were covered with a foot 
or so of ice, and the ground frozen beneath made it hard to mark staticms or 
secure .signals. At the en<l of the fiscal year the reconnoissance of this country 
had been completed, and the figures within the limits riHiuinvl of s(vondary 
triangulation had lnvn laid (»ut and signals built. 

Observing had been done at several stations and about four days* work would 
be required to complete tliis observing to determine a go ahead line in Castle 
Bay. As stated In the preceding paragraph, observing parties were established 
in camps to occupy stations Kubugakli, Ridge. Ikolik, and Top (m May 12 
and 13. On June 30 the observing at these stations was completed. On June 
7 the observer at station Ikolik having measure<l all the necessary angles was 
taken on board and transferred to the jmrty working in the vicinity of Chignlk 
Bay, leaving two seamen at Ikolik to show heliotropes to other stations. Dur- 
ing the month of ^lay there were only four days and during June three days 
when the weather permitted observing in this figure. And on several of these 
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days at one or more of the st«tlons It was impossible owing to weather condi- 
tions to either observe or. show heliotropes. At least three sets and in most 
cases five sets of six repetitions each were measured from each angle. In only 
one case was the signal pointed on, In all other heliotropes were observed. The 
average closure was 4.8 seconds, barely in the limits of tertiary work. The 
Biime instructions as were furnished to observers last year were furnished this 
year and complied with. Upon the completion of this figure a base of moderate 
length can be determined on Cape Unalishagvak from which the work can be 
extended to the southward and westward. 

The area of Shelikof Straits from Cape Uyak south to Halibut Cove not 
covereil by the hydrography of last year was completed during this fiscal year. 
Tide gauges at Kodiak and Barilof Bay were repaired. 

[N. H. Heck, Commanding Steamer Bmplorer.] 

SuMMABY OF RESULTS. — ^RpconnoIssRDce : Lentrth of scheme 50 miles, 405 miles of area 
covered. C6 lines of intervlsiblllty determined. 22 points selected for scheme. Trian^rula- 
tion (tertiary) : 350 sqiinre miles of area covered, 31 signal poles erected. 16 stations in 
main scheme occupied for horizontal measures. stations In supplemental scheme occa- 
pied for horizontal measures, 85 geographic positions determined. Leyeling: 9 perma- 
nent bench marlcs established. Magnetic work : 15 land stations occupied for magnetic 
declinations. Topography : 1.5 snuare miles of area surveyed, 41 miles of general coaat 
line surveyed, scale of topographic sheets 1 : 20.000. Hydrography : 127.5 square miles 
of nrea dragged 100.4 miles run whUe dragging, 8,851 angles measured, scale of hydro- 
graphic sheet 1 : 40,000. 

In the latter part of February, 1920, preparations were begun to fit the 
steamer Explorer and launches for work on the coast of Alaska. It was 
intended to use the Explorer for transporting the wire-drag party. 

The launches Scandinavia and Helianthus and tender were also prepared 
for this work. 

Preparations being finally completed the vessels and launches left Seattle oo 
April 16. On the way to Juneau, Alaska, a brief stop was made at Ketchikan 
to make repairs to the Scandinavia* At Ketchikan courtesies, Including the 
use of the new lighthouse dock, were extended by the inspector of lighthouses 
for that district. On the way to Juneau the sales agency at Petersburg vn& 
inspected. 

After completing the necessary preparations at Juneau field work was begun 
on June 6 and was in progress at the end of that month. 

The triangulatlon include<l the main scheme of the proposed primary trlanffu- 
lation connecting the work of two parties In 1917. The reconnoissance was thus 
primary In character, though the triangulatlon to be executed was tertiary. There 
was only one point of serious difficulty near Point L.ookout. After testing out 
various apparent possibilities a short line appeared the only solution. All 
figures of the scheme are quadrilaterals of the required strength. It is of 
interest to note that the points just south of Taku Harbor, where the last line 
of the previous work was located as selected by the Explorer's party, were 
found to have been already marked though not cleared or occupied. 

Signal building has been completed for the entire main scheme and for the 
supplemental scheme south of the line Port Wlndham-Port Huirh, except pos- 
sibly for a little work in the vicinity of Cape Fanshaw, where a little unfinished 
wire-drag work and topography of a previous sea.son remains to be done. 

Triangulatlon has been completed for all but a few of the main scheme sta- 
tions. The supplemental scheme has been completed south of the line Port 
Windham-Port Hugh. 

The topographic sheet from Pybus Bay to Seymour Canal is nearly finished. 
The sheet Port Hobart to Port Windham is well under way. Work has begun 
on the sheet Port Hugh to Port Coke. It has been necessary for the topographic 
party to work In the vicinity of the vessel and this explains the change of sheets 
instead of following the more desirable policy of finishing a sheet at a time. 

Magnetic declination has been measured at all of the main scheme stations 
occupied. 

An automatic tide gauge has been in operation at Taku Harbor since May 15. 
This locality was selected because of the possibility of constant attention by a 
careful observer at a moderate cost, possibility of satisfactory installation on 
a suitable wharf which would make It possible to continue the series if de- 
sired beyond the limits of the present season, and because of the prevalence of 
Ice at times In all parts of the entrance to Holkam Bay. 

Two staff gauges were Installed and others made ready for installation. 

A record of all Important details in regard to anchorages used was kept 
€k)od weather anchorages are more numerous than the chart indicates, and 
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these may be of advantage to vessels In view of the" proposed development of 
the wood-pulp business in this vicinity. 

It was planned to start wire-drag work by the usual methods and gradually 
make alterations which were found to be necessary. This plan of operation 
was found to be impracticable owing to the failure of the drag due to defec- 
tive floats which pulled the buoys under In deep water, consequently it became 
necessary to devise a new type of drag to meet the new conditions; the result- 
ing drag may be described as Intermediate between a mine sweep and a stand- 
ard wire drag. This apparatus has been designated as the ** deep sweep." 
Another type which will be prepared is designated as the " intermediate sweep " 
and that heretofore used the " wire drag." The idea of the use of the two new 
terms is that the function of a sweep is to pass through the water rapidly and 
prove ureas clour, the finding of obstructions to be merely incidental. The deep 
sweep operates in deep water or In water of moderate depth and where the 
bottom is not rocky. The intermediate sweep is for all areas of moderate 
depth. The wire drag is for the purpose of developing shoal areas and locat- 
ing all shoals within the maximum depth. 

The reason for this variation is speed and economy in the use of equipment. 

The deep sweep has the characteristics of speed of operation, quickness of 
setting out and taking up, absence of parts that can crush, relative ease of op- 
eration in cross currents and swirls, both because of Increased speed and be- 
cause of reduced surface for the currents to operate on. It has the disad- 
vantage thus far of requiring a considerable depth for setting out and for op- 
erating, as the middle Is considerably below the maximum depth required. This, 
of course. Is an excellent fault during the period of development, even though 
considerable loss of area is occasioned by grounding at too great depth. 

The deep sweep is very simple. It consists of a single wire 5,000 or 6.000 feet 
long made up into suitable sections, at present previously made-up wire in 
100-foot sections being used, but It Is believed that the sections can be much 
longer. The towing system is the same as for the wire drag, but improvements 
in details have been made to increase the speed of setting out, which could well 
be adopted as standard. In addition to speed a constant maintaining of a cer- 
tain amount of strain is necessary to keep the wire from sinking too fast. 

[T. J. Maheu, Commanding Steamer Wenonah.] 

The Wenonah was at Oakland, Calif., from March 5 to May 7, 1920, undergo- 
ing repairs. From May 7 to 12 the vessel was en route to Seattle, Wash., and 
from May 12 to June 2 was at Seattle, where repairs were made to the engine 
room, and supplies, wire-drag equipment, and launch engines and boilers were 
taken on board. 

The Wenonah sailed from Seattle on June 2 for Ketchikan, Alaska, with 
launch No. 38 in tow, and coaled at Ketchikan on June 7. From June 8 to 30 
the vessel was at Metlakatla, overhauling launches, returning to Ivetchlkan for 
conl June 26 to 28. 

The work assigned to this vessel is the continuation of the hydrographic and 
topographic survey of Clarence Strait from a junction with the previously com- 
pleted work in the vicinity of Point Nunez and West Devil Hock to a junction 
with work at Vallenar Point and Grlndall Island. 

[E. H. Pagenhart, Commanding Steamer Lydonia.} 

On April 10, 1920, the steamer Lydonia sailed from San Francisco for Seattle 
under Instructions for work in southeastern Alaska along the west coast of 
Dall Island northward from completed work In the vicinity of Cape Augustine. 
The vessel was outfitting at Seattle until May 25, on which date she sailed 
for the working ground, arriving at Metlakatla, Alaska, on May 29. Work 
under instructions was In progress on June 30.^ 

SITKA MAGNETIC OBSERVATORY. 
[F. P. Ulrich.] 

The usual observations were recorded during the year, with practically no 
interruptions. 

The magnetic- variation Instruments have continued in satisfactory operation. 
Absolute observations were made each week. 
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Time corrections were obtaiuetl weelcly at the local cable office of the United 
States Signal Corps. 

The seismograph was kept in continuous operation, and seven shocks were 
recorded during the year. 

Meteorological observations, including temperature and barometer readings, 
state of the weather, and other phenomena, were continued. 

Necessary repairs were made to the observatory buildinga 

Hawaiian Islands. 

honor.l'lu magnetic obsebvatory. 

(Prank Neumann, July 1, 1919. to Nov. 24, 1919. IT. E. McComb, Not. 25, 1919, to 

June 30, 1920.1 

At the magnetic observatory at Ewa, Hawaii, a practically continuous record 
was obtained of the magnetic declination and horizontal and vertical intensity. 

Absolute observations for the reduction of these records were made weekly. 

Meteorologlc observations were made dally, and time observations for the 
correction of chronometers were made every week or 10 days. 

The Milne seismograph wa« kept in continuous operation. 

In May and .Tune c()nii>jirls4)n observations were made with magnetometers 
Nos. 30 and 40. 

Necessary lmi)r()vements and repairs were made to the observatory build- 
ings and grounds. 

Philippine Islands. 

lllDOH C Dexson, Director of Coast Surveys.] 

The four steamers In the service of the Bureau were kept at work in the 
field continuously. ex((»pt when repairs be<»ame necessary. The time so lost to 
tield work was ^itilize<l in bringing up the office work of computations and 
drawings. 

Owing to I he fat-l that tlie nnsurveyed regions of the islands are at greater 
distances from l)ases of supply than those regions already surveyed, it is 
evident that the cost of operations In the future will increase, chiefly on account 
of the higher price of coal. The inability to obtain bottoms to transport coal 
to the outlying districts necessitates longer runs of the surveying vessels to 
supply stations. This condition causes a great loss of time from field opera- 
tions and greatly adds to the expense of oijeratlon. The privilege, as hereto- 
fore granted, of obtaining coal from the Navy has been discontinued by orders 
from the Navy Department, and the Bureau is now compelled to purchase coa/ 
for its vessels either from the Bureau of Supply, at a high price, or from 
Sandakan, Borneo, at which place an inferior grade of coal may be obtained 
at lower price. 

At the request of tht^ governor of the Department of Mindanao and Sulu, two 
vessels, the Pathfinder and Marinduquc, were as.signed for work on the west 
coast of Mindanao between Dai)ltan and Zamboanga. This work was made pos- 
sible by the cooperation of the governor, who agreed to furnish coal to the 
survi»ying vessels from the Oovernnient coaling station at Caldera Bay, near 
Zamboanga. 

On account of the inadequate allotment for party expenses made by the 
Federal GovernuK^nt for th(» period January 1 to June 30, it was necessary for 
the vess(»l wliose operating expenses are paid from this fund to engage in work 
convenient to the Sandnkan coaling station. The Philippine (Government has 
made an aniple appropriation for this Bureau to meet the present conditions. 

The steamer Mnrindnquc was transferre<l to the insular Bureau of Labor 
on March 10, 1918. and was returned on July 7, 1919, to the Bureau of Coast 
and Geodetic Survey. Whi'e In charge of the Bureau of Labor the Marinduque 
was used as an interisland cargo carrier, and many alterations were made to tht* 
interior of this vessel to adapt it to this usage. 

The condition of the vessel when returned to the Bureau of Coast and 
Gemletic Survey, was not found as good as expected, and much time was occu- 
pied in partially restoring the vessel to such a condition that it would be fitted 
to resume the work of this Bureau in whi^li it had been previously engaged. 
The work of rejmirs completed was only sikIi as placed the vessel in a sea- 
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worthy condition ; but much additional work yet remained to he done in order 
to put the vessel in an equally good condition as before turning it over to the 
Bureau of Labor. Though the Marindvque was returned to the Bureau of Coast 
and Greodetic Survey on July 7, it was not until September 26 that the work of 
urgent repairs was completed. 

The Philippine Legislature at its last session, in accordance with an estimate 
prepared by this Bureau, made appropriations for the purchase and installation 
of a photolithogi'aphic printing plant to be operated by the Bureau of Coast 
and Geodetic Suney. Provision was also made for sending to the United States 
two Filipino employees of the Bureau to take up the study of advanced method 
in photolithography. 

Lil>eral appropriations were made for carrying on all the activities of the 
Bureau, and additional sums over former annual appropriations were made 
available to meet the advance<l cost of all commodities used in the prosecution 
of our work. All surveying vessels on this station will soon be equipped with 
radio sets, as an allotment was made for tbe purchase and installation of a 
radio equipment for the steamer Marinduque. 

As before mentioned, the localities In which tbe vessels have been operating 
have be<Mi selected after taking into consideration the accessibility to coaling 
stations. 

This has resulted in operations being confined to the Sulu Sea; that part of 
Palawan near the coaling station of Sandakan, Borneo; and the west coast of 
Mindanao. While operating along the west coast of Mindanao coal could 
be obtained from the Department of Mindanao and Sulu at its Caldera Bay 
coaling station at a price much lower than at other Government coaling sta- 
tions; however, this preferential rate was given only while the coast of 
Mindanao was being surveyed. 

During the past fiscal year the steamer Pathfinder was engaged in surveying 
duties only 228 days, or G2.5 per cent ; the remainder of the time was occupied 
in work of repairs to the vessel. On account of the numerous demands made 
upon the naval stations for repairing vessels of their fleet, and the congested 
condition of the local commercial shipyards, work of repairs to the vessels of 
this Bureau is accomplished undcT many difticultles and with much consumption 
of time. 

On account of unexpected demands being made upon the naval dry dock and 
the inability of commercial yards to undertake the work, the Pathfinder re- 
turned to the working ground on April 21 with instructions to continue on sur- 
veying duties until some definite date could be given by the naval authorities 
for docking the vessel. 

From April 21 to June 23 the Pathfinder was engaged In deep-sea sounding 
in the Sulu Sea, and during this time satisfactorily completed that area between 
8 and 9^ north latitude. 

The Pathfinder returned to Manila on June 25, and at the close of the year 
was In dry dock at Olongapo. 

During the first part of the fiscal year, from July 9 to December 7, the Fath- 
omer was engage<l in the survey of Cuyo West Pass and the Cagayan Islands. 

From December 8 to April 8 the Fathomer was at Engineers Island, Manila, 
undergoing repairs, and from this latter date to June 30 was engaged in survey- 
ing duties on the west coast of Mindanao and Cuyo West Pass. 

During the past year and on account of the great delay in making repairs by 
the Government shipyard at Engineers Island, Manila, the Fathomer was en- 
engaged in surveying operations only 234 days (64.1 per cent). 

On July 7 the Marinduque was returned to the Coast and Geodetic Survey by 
the Philippine Bureau of Labor. On account of the neglecting of the upkeep 
of this vessel by the Philippine Bureau it had greatly deteriorated, and a great 
deal of time and money was spent during the year to restore the vessel to a 
condition whereby it would be fit for surveying duties. 

Of the entire year only 147 days (40.3 per cent) were occui)ied by this vessel 
in surveying operations ; the remainder of the time was spent in work of repairs. 

The Romblon has been occupied In the field 254 days, or 69.9 per (ent, of the 
year; during the remainder of the time, work of repairs was being performed 
at Engineers Island, Manila. The field work accomplished by the party of 
this ves.sel Is as follows: Detaile<l survey of Vinas River, Bagay Gulf; Holland 
Harbor, Ba.sllan Island ; and work along the southwest c<»ast of Palawan Island. 
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(B. K. Uand, Commanding Steamer Pathfinder.] 

SuMMAKY or RESULTS. — Reconnol8sanc<^ : Length of scheme 88 miles, 1,625 ^u«re 
miles of area coven d. 17 llnrs of Intervislbility determined, 7 points selected for scheme. 
Base lines : Secondary 1, 1.895.5 meters in lenfrth. Trlanfnilntion : 460 square miles of 
area covered ; 9 signal polrs erected ; 6 observing tripods and scaffolds built hcisbts 
65 and 50 feet ; 2 stations in main scheme occupied for horizontal measures ; 6 stations 
in supplemental schemes occupied for horizontal measures; 3 stations occupied for 
vertical measures ; 8 gedgrnpblc positions determined. Levelin>i: : 3 permanent bench 
marks established, 3 miles of levels run. Hydrography: 4 square mile of arra covered; 
12 miles run while sounding; 134 positions determined (double angles) ; 527 soundings 
made ; 2 tidal stations established ; 1 bydrographic sheet finished, scale 1 : 20.000. 

At the commencement of the period covered by this report, the Pathfinder 
was undergoing repairs at Olongapo Naval Station. On September 18, being 
ready for sea, she left the station for Manila, where the vessel was fumigated 
and supplies were taken aboard. On September 26 this ship steamed to Cavite, 
coaled, took on board certain supplies that were not obtainable at Olongapo, 
and on the night of September 27 sailed for the next field of operations, north- 
west Mindanao. The vessel arrived at Dapitan, Mindanao, on the 30tb of tlie 
month. 

The orders under which the work was done were dated September 17, 1919, 
and called for combined operations over the area between Blanca Point, at the 
northeast end (limit of former survey), to Coronado Point, at the southwest end, 
or as far beyond this latter point as necessary to eflPect a junction with the 
party coming up from the south. They also required an Investigation of a 
rei)orted reef In Dapitan Bay. 

October 1, the day after arrival, saw the initial activities of this field schsod 
begun with a search for the reported reef in the bay. It tn'us found after a 
close launch development, and proved to be a serious menace. 

A preliminary reconnoissance was first made, which indu ded entering with 
the ship of ports Talagullong (Dapitan Bay) and Santa Maria (southwest oT 
(Uoronado Point), and building ranges at both places; then with a typhooo 
refuge at each end of the work the erection of triangulation signals was be^ 
for the scheme chosen. A few days later, October 14, the Pathfinder was obIi?«I 
to set»k .shelter from a severe typhoon in the first-named harbor. 

All signals for the proposed control were erected with the exception of the 
southwest corner of the Coronado Point quadrilateral. The original p/aa \yas 
to have one figure depending from the base Sansalan-Talinga, and with its 
opposite side resting on the north shore of Sibuguey Bay. But a most careful 
reconnoissance failed to reveal a peak adaptable to the requirements of the 
southeast corner, so no better way was found than to use the triangle Pansalan- 
Talinga-Quipit for coming over to the CJoronado Point quadrilateral. The great 
figure Siatondisacan-Tallnga-Dansalan, which brings the going-ahead line Oowo 
on Mindanao from the base that spans the straits, promised great dlfiicol^^^*^ 
first; but finally tlie intervislbility of all the stations wag proveil and ohfserviv- 
tions completed at two of them, Dlsacan and Talinga. It was necessary to use 
heliotropes, for the longest line of this figure is 66 miles, but was carried out 
with an apparatus devised by the chief of party especially to meet the codui* 
tions of this kind of signaling in the islands. 

Past experience in the Philippines had indicatoil two roas«)ns for unsucressfj" 
results with the instrument as furnished for this purpo.se: Mirror too snialif 
and failure of the operator in maintaining accurate aim. this last due in part 
to the short distance between the standards that detennine the line of ^i.^^^ 
The fact is that mirrors will not reflect in this humid climate as they wouM 
in a country with a drier atmosphere ; for Instance, in the great trigonomerri^j 
survey of India comparatively small mirrors were used over lines of unusual 
length. But here the uneven refraction causes the reflected beam to wink, and 
to go out momentarily in the most erratic manner. It had been found thai 
sending messages by heliotrope was out of the question, but with the ^V^^ 
apparatus referred to It was thoneht at lensf shifrip codp letters m'rbt be ^ 
across ; but even this was not possible, due to the blinking Just mentioned. 

The heliotrope devlsetl for the purpose was constructed and oiKjnited as fol- 
lows: Mirrors 1 foot square were so set in horizontal and vertical axes tiint 
however turned the center would remain over the station mark. Through the 
inch wood backing a funnel-shaped peephole was chiseled, letting direct thronffn 
the silver in the exact center of the glass. At any one station a frame holdJflJ 
two crossed lengths of marline was set up, about 15 feet In front of heilorroPJ 
mirror; then placed in alignment with the peephole and distant station to wWcn 
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«il>out to show, as soon as vagrant flashes from this last Indicated its location. 
Subsequent procedure entailed merely careful attention on the part of the opera- 
tor in holding the patch of light on the marline cross wires. 

[R. R. LuKBNS, Commanding Steamer Pathfinder.] 

Summary of besults. — HydroRrapby: (Deep-sea and launch) 18,176 square miles of 
4i,rea covered ; 33.1 miles run while sounding ; 187 positions determined (double angles) ; 
•C34 soundings made; 2 hydrograpbic sheets finished, scale 1:400,000 and 1:100,000. 

On April 1, 1920, tlie Pathfinder was at anchor off Manila. Preparations 
were immediately begun to complete the necessary repairs and outfit the vessel 
:for sea. 

During the time, from April 1 to 20, parties from the vessel made hydro- 
graphic and topographic surveys of the junction of the .Pasig River and 
Lacuna de Bay, and of the naval anchorage off Cavite. The latter work was 
<lesired in order that the commandant might lay out anchorages for the division 
of destroyers due early in May. • 

On April 21 the Pathfinder sailed for the working grounds, and at daybreak 
on April 24 started the first line of deep-sea soundings running westward from 
the coast of Negros. The work went along as well as could be expected as 
a beginning, until the following day when the rim of the Sigsbee reel split 
off the drum and threw the machine out of commission. 

After tying in the line on the north islet of Tubbataha the ship was headed 
for Sandakan for bunker coal. That evening a radio was received stating that 
no coal could be supplied at Sandakan and that the vessel would have to go to 
the mine at Sebattik, about 300 miles down the Borneo coast. After calling 
In at Sandakan for 20 tons the Pathfinder proceeded to Sebattik, arriving there 
at noon, April 29. 

The run was a trying one, due to the many reefs and strong currents. Pearl 
Bank light was extinguished, but the submarine sentry gave warning and the 
vessel hove to for an hour on the very edge of the reef awaiting daylight. 

After taking on 245 tons of coal at Sebattik the Pathfinder sailed for the 
working grounds at 6 p. m., April 30. A line of soundings was picked up off 
Cagayan Sulu Island and carried due east to the Mindanao coast, from whence 
the vessel proceeded to Zamboanga for mail and supplies. Due to a strike in 
the interlsland merchant marine food stocks In Zamboanga were nearly ex- 
hausted, and only a little could be obtained for the ship. The Pathfinder left 
Zamboanga May 7, and on the following day started a sounding line westward 
from northern Mindanao. With the exception of a day spent on the Palawan 
coast obtaining fresh beef the ship was engaged continuously in deep-sea sound- 
ing until May 29, when the last available sounding reel was crushed. As the 
fuel was nearly exhausted the ship started for Sandakan via Zamboanga for 
mail and supplies. A sounding line was run between Zamboanga and Cagayan 
Sulu, and Sandakan was reached at 4 a. m., June 4. 

While the ship was being coaled a new reel for the Lucas machine was cast 
at the local shipyard, and a Cosmos reel was reinforced with solid cast disks 
fitted to the rim on each side of the spokes. 

At 1.55 p. m., June 7, the Pathfinder sailed for the working grounds via 
Cagayan Sulu, where a stop was made to obtain fresh beef, and at daybreak, 
June 9, started a sounding line eastward from the Palawan coast. Sounding 
was continued until June 21, when, in accordance with radio instructions from 
the Director, the vessel proceeded to Manila, where she arrived at 5.30 a. m., 
June 24. 

Arrangements had been made with the Olongapo Naval Station to dock the 
Pathfinder, so she sailed for Olongapo at 8.30 p. m. of the same date, and imme- 
diately upon arrival the following morning was placed In dry dock. 

During the season an investigation was made of several dangers to naviga- 
tion, including Tubbataha Reef«, the reported Rosalia Reef, and Nicholson 
Reef. Of the two last-named reefs no indications were found, although 
sounding lines were run over to supposed localities of these reefs. 

[S. D. WiNSHip, Commanding: Steamer Fathomer.} 

Summary of results. — Bnse lines : Secondary, 1, 818.58 meters in longtb. Triang:ula- 
tlon : 70 souare miles of area covered, 15 stations in main scheme occupied for horizontal 
moasiiros, 21 peogrnphlc positions determined. Leveling : 3 permanent honch marks estab- 
lished, 1.1 miles of levels run. Magnetic work : 2 sea stations at which ship was com- 
pletely swung. Topography : 15.6 square miles of area surveyed, 47.4 miles of general 
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coast line surreyed, 1 topograpblc sheet flntshed, scales of topograpbtc sheets 1 : 20 OOO 
and 1 : 5,000. Hydrography : 2,188 square miles of area covered ; 1,587.4 miles ran ^vrtilte 
sounding ; 6,481 positions determined (double angles) ; 22,815 soundings made ; 1 tide 
station established; 8 hydrographic sheets finished: scales of hydrographic abects 
1 : 200,000, 1 : 80,000, 1 : 40,000, 1 : 20,000, and 1 : 5,000. 

At the beginning of the fiscal year the Fathomer was at Manila awaltinK 
transfer of the command. An oflker and seven men were in camp on one ot tlie 
Cagayan Islands. The command of the vessel was transferred to A. S. Hkll- 
berg on July 3, but was retransferred to S. D. Wlnship, July 7, and the vessel 
saHed for the working ground July 9. 

After coaling, the vessel left Sandakan and ran into bad weather; course 
was laid for Cagayan Islandn, and three days were spent there measuring 9 
base. A change of wind made the anchorage there unsafe, so a run ^wss 
made to Guyo, although it was very evident that there were two distinct 
typhoons operating near by. On arrival at Cuyo the weather report showed 
three distinct storm centers, one east of the Visayas, one over northern Luzon, 
/md the worst one in the China Sea west of Palawan. On account of the 
latter, it seemed advisable to remain at Cuyo rather than change the run to 
Araceli. On the ^th shortage of coal forced a move to Sandalcan. The si^here 
of influence of all the storms was left behind after two days' run to the soatli, 
but, according to the weather observer at Cuyo, conditions there did not 
improve for a week, making a total of 19 days* low barometer In succession^ 

After coaling, the vessel started north and ran Into the same kind of weather 
as before. It was necessary to stop 24 hours at Cagayanclllo to water and pro- 
vision the party there, after which course was set for Araceli. 

Before reaching that port It became necessary to slow down for several 
hours tin a change of tide improved the conditions somewhat The vessel 
lay at Araceli for seven days, during which three typhoons followed each 
other In close succession up the west coast of Palawan. Wind of force 5—6 
was almost constant In the anchorage, and outside a great sea was running. 

Fortunately, the weather Improved just about the time that coal shortage 
made It necessary to leave for Sandakan again. 

The remainder of August showed fair weather, and a little ship sounding was 
done. 

On the 1st of September the vessel arrived at Sandakan, and on the 7th 
l)roceeded to Jolo for a supply of fresh water. Arriving again at the Cagayan 
Islands pu the 13th, there was every Indication of bad weather to the northward, 
so the ship workeil In the vicinity of the Cagayan Islands until the 16th, when 
she returned to Cuyo and Sandakan. 

During nil this time every effort was made to sound whenever possible. 
Sometimes only 5 miles were completed in a day. In all, during July, August, 
and September the ship sounded 13 days, or parts thereof, for a total of 305 
miles.* 

During October and November slightly better weather prevailed, but the 
handicap of a 600-mlle run for coal held the party down to 11 days' ship 
sounding, for a total of 452.4 miles. 

During the entire perlo<l a camp party consisting of one officer and from 
four to eight men was maintained on the Cagayan Islands. This party com- 
pleted the necessary triangulatlon there with the exception of occupying 
.station Calusa, the occupation of which was attempted several times but 
prevented by bad weather. The topography of the group was completed 
except Anullng Island, and a considerable amount of hydrography completed. 
On a 1 : 5,000 sheet a development was made of the area between the reef 
and shore on the south side of CagayancflUo Island, which was used as a ship 
anchorage when In the vicinity. 

On September 23 an automatic tide gauge was Installed at the Cagayan 
Islands. For 40 days continuous tides were observed, after which the con- 
tinuity of the observations was broken several times for short periods. The 
gauge was maintained In as good running coitdltlon as possible until the camp 
party broke up. 

On November 23 the appearance of Inuflenza In Cagayanclllo caused the camp 
party to be abandoned, and It was not reestablished. 

Whenever possible while en route to and from Sandakan a deep-sea line 
was run to fill In the area from 10^ 21' north to the Cagayan Islands. On 
account of bad weather these lines could not be controlled by astronomic 
fixes as well as would be desired, the result being that many lines cross and 
recross. In all 14 lines were run. 
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On the Ist of December the appropriation for coal ran out, and the vessel 
proceeded to Manila for repairs, supplies, etc., arriving there on the 7th. 

Two days after a launch party of one officer and seven men left for Laguna 
de Bay to complete the hydrography there. This was accomplished by the 
20th, when all hands returned. 

[H. B, Campbbll, Commanding Steamer Romhlon^.} 

Summary of besults. — ^Triantnilation : 0.27 square miles of area covered ; 11 sifmal 
poles erected; 13 obeerving tripods and scaffolds built, height about 10 feet; 20 stations 
m main scheme occupied for hoHsontal measures: 26 geographic positions determined. 
Leveling : 3 permanent bench marks established, 0.5 mile of levels run. Topoi^raphy : 7.8 
square miles of area surveyed ; 8.8 miles of general coast line surveyed ; 67.7 miles of 
Bbore line of rivers surveyed ; 10 miles of shore line of creeks surveyed ; 7 topographic 
sbeets finished, scales 1 : 10,000 and 1 : 5.000. Hydrography : 130.4 square miles of area 
covered ; 1.382.1 miles run while sounding ; 8.698 positions determined (double angles) ; 
46,495 soundings made ; 3 tide stations established ; 9 hydrograpbic sheets finished, 
scales 1 : 5,000, 1 : 20,000, and 1 : 60,000. 

On July 1 the Romblan was in Ragay Gulf, engaged on a 8|)ecial survey of 
the Vinas River. This work was completed on Octol>er 7. 

In July cholera broke out at various p'aces on the river, most seriously at 
its mouth. In the immediate locality of work there were al>out (W> deaths from 
this cause during the month. Smallpox was also reported, but it is doubtful 
if there were more than a few isolated cases. All possible precautions were 
taken by the fleld party to prevent contagion, and field work was continued. 

A passing typhoon late in July prevented leaving for coal until August 2, 
when the supply was reduced to the approximate quantity required to reach 
Manila. On account of the cholera epidemic no parties were left in camp. 
The vessel arrived in Manila on August 15, being delayed by rough weather 
due to an unusual series of typhoons east of Luzon. 

At Manila from August 16 to September 3 the boiler was cleaned, coal and 
general stores taken, and minor repairs to the boiler effected. leaving Manila, 
September 4. the ves.sel arrived on the working grounds on the 5th. Field work 
was continued at once and completed in this loc*ality on October 7. 

Under instructions from the Director of Coast Surveys, the vessel left at 
once for Romblon where enough coal was taken to reach Sandakan, via Southern 
Palawan. A stop was made at Puerto Princesa for stores. During this run the 
Romblon was delayed by the passage of two typhoons. After receiving stores, 
the fleld work on the southeast coast of Palawan, where it had been broken off 
the year before, was taken up. On December 31 the Romblon was still on these 
working grounds. 

The only triangulation done by this party during the period covered by this 
report was that on the Vinas River. This consisted of a very small scheme 
which was run up the banks of the river. There were no unusual features in- 
volved except the very short lines, and the number of observing tripods built in 
the mud and water. No base line was measured. 

The topography dong on the Vinas River was of an unusual and diflicult 
nature. The greater part was done on a 1 : 5,000 scale, and unusual accuracy 
was required. The planetable only was used on the main stream, where the 
banks were for much the greater part of mangrove, overhanging soft mud and 
water. 

For about 4^ ndles above the triangulation, a planetable traverse was made to 
the approximate head of navigation. This part of the work was carried on 
with difficulty, as considerable cutting had to be done because of the nature of 
the banks. 

All side streams, creeks, and sloughs were run in using the sextant and com- 
pass for directions, and the rod readings for distances. 

On the Palawan coast the main shore line had already been located, and the 
only topography done was on rivers and creeks with a few contours. The 
method Just described was used in sur^'eying these rivers. 

The hydrography of tlie Vinas River was completed. The system of 25-meter 
lines, required by the instructions was done entirely with a whaleboat. An at- 
tempt was made to use the launch for the channel lines, but it proved Imnrac- 
ticable. 

Off Palawan the greater part of the work remaining was hydrography. Dur- 
ing the season of 1918 the weather was such that it was impossible to complete 
the development on the Inshore ship sheets. During the season special atten- 
tion was paid to this work with the result that both of these sheets are to be 
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tamed in as completed. The little renmiDiDK work on one of them will be done 
on a small section of the boat sheet. 

The launch continued the inshore hydrography in the locality of Island Bay. 
This party was laid up a good share of the time by the weather, which eveo 
prevented much work in this bay. 

The hydrography of the rivers surveyed was completed as soon as the topo^r- 
raphy was done, a pulling boat and the motor whaleboat being used. 

The work of the party was hindered to a considerable extent by the unusaal 
weather. During the year about 26 typhoons are reported to have passed cloee 
enough to the islands to affect the weather In the locality of the work. 

[If. B. Campbell, Commanding Steamer Romhlon.] 

ScMMABY OP RESULTS. — Level In jf ! 8 permanent bench marks established, 0.8 mile ef 
levplR run. Topography: 305.6 square mlb^s of area surveyed; 1 topographic rtieet 
flnlsbed. scale 1 : 40,000. Hydrography : 268.3 square miles of area covered, I.SIM 
miles run wbile sounding, 6.797 positions determined (double angles), 21,665 sonndinss 
made, 2 tide stations established. 

From February 24 to March 1 the Romhlon was at Caldera Bay, endeavor 
Ing to obtain a supply of coal. Leaving Caldera Bay March 2, the vessel ar- 
rived on the working grounds on the same date. Camp parties were put out 
and the ship proceeded to Sandakan for coal. 

The work in this locality was continued until April 21, at wliich time the 
work required by the instructions was completed, and the monsoon had dianged 
enough, apparently, to permit work to advantage on the Palawan coast. 

The Romhlon left Basllan Island on April 22 and procee<led to Palawan by 
way of Jolo and Sandakan. 

From April 27 to June 20. work was continued on the Palawan coast Dur- 
ing this period coal was obtained at Sandakan, but owing to the presence ot 
bubonic plague in that port the vessel was obliged to go to Puerto Prlncesa for 
water. 

Leaving the working grounds on June 20, the Romhlon proceeded to Manila, 
arriving on June 24. 

During the remainder of the month a general overhauling was started, and 
preparations were made for transfer of command. 

The only triangulation done by this party during the period covered by 
this report was on the west and southwest side of Basilan Island. The scheme 
to the north of the island was extended around the west coast to the locality 
of Maluso Bay. The work done furnished control for the local survey cif 
Maluso Bay and forms a part of the scheme that will eventually encirde the 
island. 

The topography done on Maluso Bay consisted of one 1 : 10,000 sheet which 
was completed, and a small subsheet on a scale of 1:5,000 of Port Holland, 
The greater part of this work was done ahead of the triangulation and was 
later adjusted where necessJiry, to agree with triangulation intersection stations. 

On the Palawan coast a very little topography was done on the creeks in 
the locality of Island Bay in January, using stadia distances with directlooB 
determined by the sextant and compass. 

During May and June the contours were determined of the peaks lying south 
of Island Bay as far as triangulation stations Mant and Plci. This work was 
done on a 1 : 40,000 scale, and it Ls believed with a degree of accuracy that will 
fill all requirements. Owing to the distance inland of the peaks, it was neces- 
sary to occupy two tree tops and the peak Addison to obtain planetable loca- 
tions and elevations of the prominent points. The rest of the locations and 
the sketching of contours was done by the use of the sextant from the ship 
and anchored whaleboats. 

At Maluso Bay the hydrography was done entirely with launch and whale- 
boat, the whaleboat being used in the harbor development and on shoals. 

On the Palawan coast the route usually followed by vessels running coast- 
wise was completed to a juncture with the Pathfinder's work in the locality 
of Island Bay. Inside of this is a small area of launch work remaining to be 
developed, which will be of little practical importance because of the foulness 
of the bottom. Offshore, however, there is a considerable area and a number 
of shoals which should be developed on as large a scale as practicable. 

At Maluso Bay an automatic tide gauge was kept in operation for about two 
months, and in addition a simultaneous comparison was made with Zamboanga. 

Tides were read or an automatic gauge was used In Island Bay while work 
was being done off the Palawan coast. 
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No currents were meaBured. 

"Weather conditions were found to be very favorable during March and April 
.*n the south coast of Basilan. 

JKbnnbth T. Adams, Commanding Steamer Marinduque, July 1, 1919, to Feb. 29, 1920, 
and Steamer Fathomer from Mar. 1, 1920, to June 30, 1920.] 

Summary of results. — Reconnolssance : Length of scheme 28 miles, 890 square miles 

ht area covered, 11 lines of intervlsibility determined, 4 points selected for scheme. 

•3Ylagulation : 1.544 square miles of area covered ; 21 signal poles erected, 7 observing 

itripods and scaffolds built, average height 54.6 feet ; 12 stations in main scheme occupied 

'for horizontal measures ; 16 stations in supplemental schemes occupied for horizontal 

I measures ; 27 stations occupied for vertical measures ; 70 geographic positions determined ; 

52 elevations determined trigonometrical ly. Magnetic work : 4 land stations occupied 

\for magnetic declination, ship swung at two stations at sea. Topography : 8 miles of 

jVeneral coast line surveyed, scale of topography l : 20,000. Hydrography ; 646.4 square 

, I miles of area covered, 1,825.15 miles run while sounding, 3,116 positions determine<l 

■ [(double angle), 8,866 soundings made, 1 tide station reoccupied ; scale of hydrography 

; 80,000. 

The iiialn-sclieme trlangulatlon on the west coast of the Zaniboadga Penln- 
la was started from the line Lamplnigan-Sangboy of the former trlangula- 
tlon. The first advance was made through a large three-sided central-point 
figure to the line Sangboy-Patag. The next figure was also a large three-sided 
central-point figure giving an advance to the line Pata-Plncan. The first figure 
was a four-sided central-point figure with one diagonal observed, giving an 
dvance to the line Slokun-North End. 

All of the above work was accomplished on the U. S. S. Marinduque, except 
the building of a signal at station Siokun and the occupying of North End. 
This included also the building and locating of the supplementary stations — 
Batal, Pona, Llmasun, Morog, Botot, Parang, and Kault — and also the build- 
ing of signals at Bald, Slraguay, and Jaro. 

The above work was done under extreme difficulties; the party was small, 
and the officers were not experienced In this type of work. During the months 
of October and November cloudy and rainy weather was so prevalent that even 
reconnolssance was mere guesswark. The highest peaks were always sur- 
rounded by clouds. Practically nothing was known about the topography of 
the peninsula, and all stations were located by local reconnols.sance. In Decem- 
ber the weather cleared somewhat, but the bulk of the above work was done 
In January. 

The entire country Is heavily wooded, even the highest summits; and not a 
main-scheme station, with the single exception of San Ramon, was established 
(vlthout a great deal of clearing. The topography of the country was such 
that the stations had to be put on the highest peaks, two at least of which were 
quite a distance Inland, and local guides In most cases were found quite useless. 
The U. S. S. Fathomer resumed this work on April 8, 1920 ; three main-scheme 
stations were built, the reconnolssance of which had been previously com- 
pleted by the U. S. S. Marinduque, and five main-scheme stations were com- 
pletely occupied and two main-scheme stations reoccupied. This completed the 
"four-sided central-point figure Patag-Plncan-North End-Siokun, and the next 
figure was a large four-sided central-point figure, with one diagonal observed, 
advancing from line Slokun-North End to the Hue Labuk-Qulplt. 

Seven supplementary stations were built by the U. S. S. Fathomer and eight 
stations were located, leaving two stations Incompletely located — ^Basuk and 
Dlkul. 

The northern part of this work was nished primarily to locate hills and 
mountain i)eaks to be used by the U. S. S. Pathfinder In offshore deep-sea 
sounding. 

Thus It will be seen that In the total work nine new main-scheme stations 
were built and occupied, two stations reoccupied, and Qulpit occupied, 
forming four large figures. The strength of these figures Is very good, 
considering the topographic conditions. The difficulties of the topography of 
the country may be realized when It Is remembered that In no one of these 
figures could a quadrilateral, with both diagonals observed, be formed. 

In the total work 17 supplementary stations were built and 15 of these 
located. Here It will be seen that the figures are sometimes weak and that 
various expedients were resorted to to get these stations located. The topog- 
raphy of this coast made the location of these signals very difficult. 

12783—20 11 
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In addition to the above supplementary stations seven Intersection stations, 
nil unmarked, some of them without a check, have been located for the 
assistance of the topographer. 

A more or less complete scheme of vertical angles was observed over the 
entire scheme of trlangulatlon, more complete in the northern part of th« 
work. 

The elevations of all trlangulatlon stations were determined, and a practical 
adjustment of the results has been made. 

In connection with the vertical measurements, direct elevation connections 
were made with the sea at the following stations: Parang, Jaro, Slraguay, 
Panob, Balill, Basuk, and Dlkul, and an elevation connection by vertical 
angles was made at Snnta Maria and Blasong. 

On the U. S. S. Fathomer three magnetic stations were occupied on the 
Zamboanga Peninsula, Llmasun, Sickun, and Dikul. And to date one station 
has been occupied In the vicinity of the Cuyos, Dlb> Maducang Island. 

The topography on the Zamboanga Peninsula was barely started, a few 
days* worfonly being done on one sheet, and that very Incompletely. 

No hydrography was done on the Zamboanga Peninsula work. 

Ship hydrography was begun In the Cuyo West Pass on May 21, 1920, and 
was In progress at the close of the fiscal year. Satisfactory progress was 
made, all the work at the south end of sheet P1445 being completed up to 
tlie latitude 10* 50' north and the work to the westward being completed east 
to longitude 120" 12' east. 

Numerous patches of 20 to 25 fathoms were found, but no dangers or indica- 
tions of dangers were discovered. 

, YntGiN Islands. 

[O. W. SWAIKSON.] 

Summary or kesdlts. — Reconnolssance : Length of scheme 5 miles, 12 square miles of 
area covered, 6 points selected for scheme. Trianj?ulation : 10 square miles of area 
covered : 20 signal poles erected ; 2 observing tripods : 2 observing scaffolds built, 
height 16 feet ; 5 stations in main scheme occupied for horizontal measures ; 4 stations 
in supplemental schemes occupied for borizontnl measures, stations occupied for ver- 
tical measures : 45 geographic positions determined ; 4 elevations determined trigonometrt- 
cally. Magnetic work : 1 station on land occupied for mnenetic observations. Topog- 
raphy : 50 fcquarc miles of area surveyed ; 44 miles of detailed shore line surveyed ; 10 
mfles of shore line of ponds surveyed ; 180 mUes of roads surveyed ; 4 topographic sheets 
completed, scale 1 : 10,000. 

On July 1, 1919, work was in progress on the detailed survey of the Virgin 
Islands undertaken at the request of the Navy Department 

On that date the survey of the islands of St Thomas and St John had 
been completed. The latitude and longitude had been carried to the. Island 
of St Croix, and the trlangulatlon on St Croix from the western end of 
Chrlstiansted had been finished. No topography had been done on St Croix. 

The work was continued In the same manner as In previous seasons. More 
accuracy and detail was obtained in the survey of St Croix tlian in the case 
of the other two Islands for the reason that St. Croix was more cultivated, 
less wooded, and the estate boundaries were better defined. Consequently 
better tojwgraphlc sheets were obtained. 

The topography of the island of St Croix was begun July 8. The first sheet 
embraced the area from 1 mile east of Chrlstiansted to 3 miles west of that 
place. Control for this sheet had been funiished by trlangulatlon and plane- 
table determinations of positions of flags placed on the hills. The elevations 
of most of the points determined by trlangulatlon had been determined with 
the theodolite and computed. 

The topography on the sheet covering the western end of the island was 
begun August 28, from which date, except during November, two topographic 
parties were constantly in the field. 

Practically all of the estate boundary lines were located, as well as the roads 
and many of the fences. Twenty-foot contours were used. 

By December 31 the topography of the area from Seven Hills to the Diamond 
Ruby estate and two-thirds of that from Mount Pleasant to the western end 
of the island was completed. 

The trlangulatlon was continued as required to the eastward as far as 
Seven Hills. The scheme was laid out and signals erected to the eastern end 
of the island. 
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The geographic positions of 180 objects between the \^estern end of the 
island and the Green Cay estate were determined. The elevations of most 
of these objects were also determined by triangulntlon. 

The magnetic station at Christiansted was recovered and occupied with the 
declinometer. 

Instructions were received on January 8 to discontinue the survey at a 
point where it could be conveniently resumed at a later date by another party. 
As considerable work remained to be done on one sheet to finish it» and it being 
inadvisable to leave the sheet uncompleted, and as the other sbeet was in such 
condition that after only a few more days of work it could be readily left for 
another party to finish, the personnel belonging to one field party was discharged 
January 15 in order to conserve funds for the completion of the second sheet 

Thereafter every effort was made to finish the second sheet with the least 
possible expenditure and in the least amount of time. 

The weather was unfavorable for field work during a large portion of the 
months of January and February. The wind was very strong. The work was 
frequently Interrupted by heavy showers. The amount of rainfall was unusual 
for this time of the year. 

On March 1 the field work on the second sheet was completed with the ex- 
ception of blocking in the town of Frederlksted. The officer in charge of the 
sheet proceeded to block in the town while the chief of party completed the 
first sheet to a point decided upon. 

By March 20 the services of the officer attached to the porty could be dis- 
pensed with, so he was detached in order to proceed to Washington and there 
complete the office work on his sheets. The chief of party remained to take 
the launch and its gear to St Thomas for storing with the naval authorities 
and to finish the details incident to closing the field work. 

While in St Thomas the chief of party called upon the governor and the 
important naval and Marine Corps officials and notified them of his intended 
departure and the state of completeness of the survey. Gratification and sat- 
isfaction with the work was expressed by all. The governor desired that when 
the survey was resumed the same character of work be done. 

Endeavor was made to secure a blue print or other data regarding the 
dredged area in St. Thomas Harbor. No trace of the existence of such data 
could be found. The harbor master had the original working sheet used by 
the dredge, but it was incomplete. He said that he had checked up the dredged 
area when the work was completed and found it to be as specified. He also 
said that the limits as shown on the present chart were correct The chief 
of party checked the chart roughly with the dredge's working sheet and found 
them to be similar. 

Sextant angles were taken' in the vicinity of Scorpion Rock on the range for 
entering the harbor. It was found that the correct entrance bearing was one 
or two degrees different from that shown on the chart and that the position 
on the chart of both beacons was in error. They are shown correctly on the 
topographic sheet covering this area. 

Two wireless towers were located that had been erected in St. Thomas since 
the triangulation in that vicinity was completed. 

The chief of party sailed for New York on April 6. 

PoBTo Rico. 

VIEQX7E8 MAGNETIC OBSERVATORY. 

[Wallace M. Hill.] 

A practically continuous record with the magnetic instruments was obtained 
at the Vieques Observatory. 

A good record was obtained of the very strong magnetic storm of August 11, 
especially of the total intensity. This storm received considerable attention to 
places as far distant as Austrnlia. 

The magnetograms were scaled for each hour recorded, and computations 
were made for base line, scale values, and time. Observations were taken at 
proper intervals for absolute values, scale values, ond time. 

It was necessary to adjust the variometer several times for what appeared 
to be a change of level of the supporting piers. 

The seismograph was kept In continuous operation, and in addition to a 
few earthquakes reconled from a distance, several very small shocks were 
recorded which seemed to be centered about the island of Porto Rico. 
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On December 15, 1ft. and 17, and January 5 a large spot was noted on the 
sun. During this period a search was made for magnetic storms but only small 
disturbances were noted. 

8PECIAL DOTT. 

IfASSACETUSETTS. 

[W. C HOD0KIN8.1 

Bum MART or besolts. — TriangtilatloD : 12 square miles of area covered, 6 signal poles 
erected, 7 stations in main scheme occupied for horisontal measures, 27 geographic 
positions determined. Topography : 2 miles of general coast line run, scale of topoK- 
raphy. 1 : 20,000. 

Between May 10 and 22, 1920, at the request of the Navy Department, a 
determination was made of tlie geographic position of the radlo-compaas 
station at Fox Hill Island, Chatham, Mass., and of the azimuths of several 
prominent objects from the compass station. 

The commandant of the navy yard at Boston detailed two civilian employees 
of the navy yard to assist in the work. 

Two trlangulatlon stations, Chatham and Strong, were recovered, and from 
these stations as a base a scheme of trlangulatlon was developed which In- 
cluded the radio-compass station. This scheme was covered far enough to the 
southward to redetermine the position of the Chatham Congregational Church 
^ire and the Chatham South Lighthoose, which were desirable as checks on 
the recovery of the two base stations. The positions of a number of conspicuous 
objects, churches, water tanks, chimneys, and Coast Guard stations, likely to 
prove useful aids in case of any future surveys in that vicinity, were deter- 
* mined incidentally. 

The radio-compass station is situated almost upon the line between the base 
stations. The building has a small tower with a square pyramidal roof. 
Pointings were made upon a mark fixed to the apex of the pyramid, and a 
platform was built upon the roof on which a theodolite was mounted for the 
observation of directions to all prominent objects in the viclnltj'. 

fSxtenslve changes having taken place in the outer beach in recent years, 
topographic sketches of the shore were made and checked at intervals by sex- 
tant angles. 

The naval force at the air station furnished a small boat and two seamen, 
by which means access to Strong Island and the ocean beach was obtained. 

FLOBIDA. 

[J. H. Pbtkbs, Commanding Steamer Ranger.] 

In accordance with instructions issued April 13, 1920, the party <hi the Ranger 
determined the geographic position of the United States Naval Radio Compass 
Station at Camp Sliauflee, Santa Rosa Island, Fla., and five azimuths from it to 
prominent stations within sight. 

As the position of a wireless tower at Camp Shauflee, which has now been 
taken down, had been determined previously, it was only necessary to measure 
directly the distance and direction from it to the compass station. For this 
purpose the compass station was occupied with theodolite and directions taken 
to Deer Point Beacon and to Quarantine Station water tank, these being the 
only objects visible, owing to fog at the time. As the officer in charge of the 
installation was awaiting azimuths in order to complete the work, and was 
satisfied with these three objects, it was not advisable to await clearing until 
more prominent and distant objects were visible. For future use the azimuths 
to Pensacola Lighthouse and to the observation tower at the naval air station 
were computed and furnished to liim. 

DELAWABE AND NEW JKRSET. 

[O. W. Perquson.1 

SuMMABY OF RESULTS. — ^Trlan^latlon : 20 square miles of area covered; 6 algnal polea 
erected ; 8 observing tripods built, total height 60 feet ; 8 observing scaffolds built, 
total height 10 feet : 10 Rtatlons main scheme occupied for horizontal measures ; SO 
geographic positions determined. 

Between May 25 and 31, 1920, at the request of the Navy Department, the 
geographic positions of the naval radio compasses at Cape May, N. J., Cape 
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Hcnlopen, and Bethany Beach, Del., were determined by trlangulatlon. Azi- 
muths were determined to various conspicuous objects and north and south 
lines laid out at each of the compasses. 

EXHIBIT OF THE UNITED STATES CX)A8T AND GEODETIC SURVEY AT THE NATIONAL 
MOTOB BOAT SHOW, NEW YOBK CITY. 

[D. B. Wain WRIGHT.] 

An oflSeer Was detailed to take (charge of an exhibit furnished by the Bureau 
at the annual motor boat show held in New York City from February 18 to 
March 1. 

Valuable assistance was rendered by the inspector in charge of the field 
litation at New York, in Installing and caring for the exhibit. 

While the material for the exhibit was furnished by the Survey the entire 
expense was paid by the officials in charge of the show. 

The results of the exhibit were highly satisfactory both from the largfe 
attendance and the Interest manifested in the charts. Coast Pilots, and other 
publications exhibited. 

The exhibition was lield In the Grand Central Palace, and ample space was 
provided on the mezzanine floor for the Survey exhibit. 

A selection of characteristic charts was shown of localities of special interest, 
Including New York Harbor, Long Island, Boston Harbor, Hampton Uoads, 
and the Delta of the Mississippi. A number of the nautical publications of 
the Survey and a collection of photographs Illustrative of the methods and 
results of the Survey and of some of the surveying vessels were exhibited. A 
small model of the wire drag was also shown. 

Information was furnished verbally to persons Interested by the officer in 
charge as to the necessity for charts for navigation, with suggestions as to their 
practical use. 

Much Interest was shown In the exhibit, particularly by nautical men, yachts- 
men, and owners of motor boats. 

NEW YORK. 

0PEED TBIAL COURSE FOR SEA PLANES. 

[C. G. QUILLIAN.l 

In September, 1919, a 5-mlle speed trial course for seaplanes was established 
off Rockaway Beach, N. Y., at the request of the Navy Department. 

The work Included the recovery of sufficient trlangulatlon stations to furnish 
accurate distances, the establishment of two ranges delineating the limits of 
the course, computations of the angles required for placing the buoys, placing 
In position a buoy at each end of the course, and placing also two approach 
buoys and four marker buoys at mile Intervals along the course. In addition 
a number of prominent objects, which will be of use In future surveys, were 
located by trlangulatlon in the course of the work. 

A brief preliminary description of the course was furnished to U»e command- 
ing officer of the United States Naval Air Station, Rockaway Point, N, Y. 

The trial course was to be 5 miles in length, straightaway, for use of sea- 
planes. It was desired on the Atlantic Ocean side of Rockaway Beach. The 
planes were to be flown at low altitude, viz, 25 to 50 feet above the water. The 
course was not to approacli too colsely to the bathing beaches, esiKK'ially oft 
the Edgemere Hotel. The course also was not to be so near the breakers as to 
endanger a plane forced to alight or with engine trouble drifting Into the 
breakers. 

The problem was to select such a place for the course, place two buoys 5 
miles apart, place marker buoys on the course at mile Intervals, furnish data 
for replacing the marker buoys, and furnish data for replacing the end buoys, 
marking the limits of the course, exactly 5 miles apart. 

The most suitable place for the east-end buoy of the course was found to be 
off Coast Guard Station No. 91. Even here the location of the front range was 
limited by the buildings which almost shut In the Coast Guard station. Like- 
wise the same general features limited the distance between the eastern ranges 
and thereby limited the distance offshore of the course. 

Coast Guard Station No. 91 was selected as the east-rear range. A tripod 
was erected on the beach for the east-front range and a point on this range 
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Sheeted for the east-end buoy. This point was selected from the chart and 
the distance to the buoy scaled off the chart The angle at the buoy between 
the range and the Edgemere Hotel was computed and the distance altered bo 
that the angle at the buoy was an even number of degrees and minutes, 61* 03' 
being selected. 

Using the above data the proposed geograi^ic position of the east-end buoy 
was computed. This proposed position of the east-end buoy was considered final 
and the buoy finally placed in this position. 

At the west end of the range the trlangulation was extended frem two re- 
covered points to C. G. No. 92 and an old Coast Guard station tower, these two 
points being visible over most of Fort Tilden, where the western ranges were to 
be located. 

Permission was obtained from the Ooast Artillery Ck>rps to erect range towers 

An auxiliary station (Aux) was then established near where the west-front 
range was expected to fall. The geographic position of Aux was determined 
and the distance and azimuth between Aux and east-end buoy computed by an 
inverse position computation. 

At the time of selecting the proposed position of east-end buoy the general 
direction of the course was also adopted as bearing 250* (azimuth 70*). 

The data now at Iiand gave the azimuth of the course; the length of the 
course, 5 nautical miles or 30,401.35 feet, the distance and azimuth betwe^i 
east-end buoy and Aux. 

The right-angled triangle east-end buoy, west-end buoy, west-front range was 
now solved, the following being known : Distance from west-end buoy to east- 
end buoy 5 nautical miles ; the right angle at west-end buoy, and the angle at 
east-end buoy, the differences in azimuth between the course and Aux. The 
point west-front range to be on, or on the prolongation of the line Aux to east- 
end buoy. The distance and azimuth from Aux to west-front range were now 
available, and the line was laid out by turning off the angle at Aux and taping 
the distance. West-rear range was placed by setting up at west-front range, 
turning off the required angle to the proposed west-end buoy, and plumbing and 
placing the point on the line. 

The proposed position at west-end buoy was computed and the angle at west- 
end buoy between the range and C. G. No. 92 computed, viz, 43* 07'. 

The proposed positions of the marker buoys were determined by computing 
the geographic positions at mile Intervals along the course and computing in- 
versely the azimuth to various known points from which the angles at the bxxoy 
required to place same were known. 

The end buoys were easily placed in position by steaming up on the ranges 
until the angles were on the sextant and dropping the sinker. 

Placing the marker and approach buoys was more difficult, as only one sextant 
was available and the tug had to be kicked round until both angles taken In 
rapid succession were on. 

Later two approach buoys were dropped and one of the marker buoys shifted^ 
using a standard motor sailer. 

After dropping the buoys additional trlangulation was done to locate the 
range towers and the end buoys. Certain delays in building the range towers 
and the fixed date for obtaining the tug made it in:^)racticable to check the 
range towers before dropping the buoys. 

The triangle locating the end buoys contained the angles observed at two- 
shore stations and the sextant angle observed at the buoy. The distance was 
obtained by computing the geographic positions and then the inverse computa- 
tion between the buoys. The distance between the buoys is 3.6 feet in excess 
of 5 nautical miles, or 5.00050 nautical miles. This also was the check. 

MABTLAND. 
(B. DUVALL BBOMLBT.] 

Under instructions issued February 8 and November 8, 1020, an ofllcer was 
directed to make preliminary investigation of the boundary survey for the Al)er- 
deen Proving -Ground, through the officials of the War Department and the 
commanding officer of that post, to ascertain the necessary data relative to es- 
tablishing the boundary limits of the reservation. 

In compliance with the above-mentioned Instructions, an Investigation was 
made of the records of the former surveys made by the county surveyor under 
the supervision of the land commission appointed by the Secretary of War, the 
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personnel of which had been abandoned at the termination of the war, leaving 
the boundary limits doubtful in certain sections. 

It was the Intention of the proving-ground officials to have monuments placed 
along the boundary limits as near as possible to the former surveys as made by 
the. country surveyor, and to connect these monuments with the scheme of tri- 
angulatlon of the range towers, running secondary traverse around the boundary 
limits, then to have a new proclamation tesned by the Pr^sddent to conform to 
these new results. The boundary monuments to be used for control points on 
any part of the resers^atlon for range-firing work, topography, and levels. 

After completing this investigation of records and submitting detailed esti- 
mates at the request of the commanding officer of the proving ground for the 
completion of the survey, it was decided that this work should be done by the 
Army Engineers, and the officer of the Survey detailed for the work was de- 
tached. 

While on this work a base line determined by the Signal Corps was checked 
'and connected to the trlangulation scheme of range towers through the as- 
sistance of the proof section of the post. 

Upon completion of this and upon the final decision of the Army Engineers 
the work was abandoned by the Coast Survey. 

VIBGINIA. 

(Charles Shaw.] 

Summary or resolts. — Trlangulation : 10.4 square miles of area covered, 6 signal 
poles erected. 2 stations In main scbeme occupied for horizontal measures, 2 geographic 
positions determined. 

In June, 1920, arrangements were begun for laying out for the Navy a 
triangular speed-trial course for airplanes in the vicinity of Hampton Roads, 
Va. Field work was begun June 25, and the remainder of the month was used 
In recovering and rebuilding the necessary signals. 

A flight was taken by the observer over the working grounds In one of the 
Navy seaplanes, by which means the time required in recovering signals was 
much shortened. 

NORTH CAROLINA. 

[C. G. QuiLLIAN.] 

Summary or results. — Trlangulation : 3 stations occupied for horizontal measures, 4 
flieographic positions determined, 1 radio compass located, 1 radio compass oriented. 

Between August 30 and September 5, 1919, the geographic position of the 
Naval Radio Compnss Station at Cape Lookout, N. C., was determined, the 
compass oriented, and a true north and south line established at the compass 
station for furnishing bearings to vessels. 

The radio compass consists of a series of vertical wires wound on a square 
frame about 6 feet square; through the center of the frame a vertical axis 
passes and extends through the floor to the receiving room on the floor below. 
At the foot of the shaft and rigidly secured to the same is a dial with a pointer 
extending entirely across the dial. Immediately beneath this dial is set a 
plate graduated in degree from to 360. This plate is secured to the operator's 
table at center of the shaft and the zero set at north. The reading of the 
dial on the circle is the bearing of the radio signal. 

The operation room is screened in on all sides with a copper mesh to cut 
off distracting influences. 

The direction of the radio signal is determined by maximum and minimum 
sound received, and the coll Itself is at right angles to the direction. When 
the coll is set exactly on north the pointer should read 90**. The important 
thing Is to lay the north and south line so that the position of the coll may be 
referred to it. 

The trlangulation station at Fort Macon was recovered, a signal erected, and 
angles observed. At Cape Lookout Lighthouse an auxiliary point was selected 
from which Cape Lookout Lighthouse, the Coast Guard station near the radio 
compass, and the compass station could be seen. At this auxiliary point a 
signal pole was erecte<l. The Coast Guard tower was then occupied eccen- 
trically, and the auxiliary station cut In. The lighthouse was occupied and 
the auxiliary station cut In, but observations were not completed on account of 
haze. The observer then returned to the compass station and turned off the 
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angles to the compass from the auxiliary station and marlceci the line on the 
floor of the station. Computations were made to obtain the azimuth. 

As a checlc the auxiliary station was occupied and observations made on 
Polaris and on the compass station. 

From the direction at the Coast Guard station and Cape Loolsout Lighthouse 
the azimuth to the auxiliary station was obtained, and then the azimuth of the 
line Joining the auxiliary station and the compass station. The north Ihie 
was afterwards laid off by tangents and marked on the compass deck, and 
Cape Lookout Lighthouse was reoccupied. 

LOUISIANA. 

fE. B. Latham. 1 

Sum MART ow results. — Base Lines, primary, 2. 63, and 317 meters in length. Trlangu- 
lation : 10 signal poles erected ; 3 obserrinj? tripods and scaffolds bnllt, heiirhtf SO feet : 
8 stations in main scheme occupied for horizontal measures ; 15 geographic po8ltion« 
determined. 

Between February 18 and February 23, 1920, a determination was made by 
triangulation of the positions of the naval radio-compass stations at Pass a 
I^utre, Southwest Pass, and Grand Isle, La. 

Transportation for the observer was furnished by Naval subchaser No. 19L 

At Burwood station signal and scaffold building was begun February 19, and 
observations were completed February 23. 

The position of the station and the position of an iron tank were determined. 
An azimuth mark was established, and a north and south line was set insld% 
the compass-station house, in the plane of the upper end of the radioHM)mpa8B 
spindle carrying the coil. 

At Pass a Loutre the light station was reported to have sunk 17 feet in the 
mud. The position of the central Iron column of the lighthouse at the present 
surface of the ground was assumed to be in the position previously determined 
by this Bureau. The spindle at the top of the light structure had settled to 
the west. The amount of settlement was determined, and the change in azimuth 
between this position and that of South Pass Light station and tower at 
North East Pass was computed and found to be so small as to be negligible. 
A small supplemental triangulation was made to obtain the distance and direc- 
tion of the radio-compass station and these were used to compute the position 
and azimuth required. An nzimuth mark was established, and a north line 
was set inside the compass-station house. 

At Grand Isle thrive old triangulation stations were recovered, and a triangu- 
lation was carried from the base Martigau-Barataria Lighthouse to the com- 
pass station. A short base was measured, and a check position was obtained 
to the old station wireless telegraph pole. The compass station was marked 
vertically below the lower end of the compass spindle, and the azimuth mark 
was marked as a reference mark for the compass station. A north line was 
marko<l inside the '?oTupass house In the plane of the upper end of the spindle. 

airplane PHOTOfJUAPHY. 

On July 1, 1919, two Held parties were engaged in experimental work, deter- 
mining the possibilities of airplane photography in connection with hydro- 
graphic and topographic surveying. E. F. Church was serving as secretary of 
the research committee engaged in the study of the application of airplane 
photography to mapping. 

C. G. Quillian represented tlie Coast and Geodetic Survey at Atlantic City, 
N. J., during July, 1919, when experimental photograplis were made of Atlantic 
City and the adjoining marshy area. He furnished the ground control while 
the Army and Navy Air Services made the aerial photographs. The Army 
officers experimented with two types of planes and two different cameras. The 
Navy officers used a hydroplane and a dirigible balloon and two types of cameras. 
The results of these experiments furnished a great deal of useful information 
and gave an indication of the many difficulties that must be overcome before 
airplane photographs can be used for mapping topographic features with ac- 
curacy. 

During July, 1919, the party on the steamer Hydrographer, G. C. Mattlson 
commanding, cooperated with the Naval Air Service at Key West, Fla., in ex- 
periments to determine the possibility of locating submerged rocks and coral 
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heads by means of aerial photography. Various types of cameras were used, 
as well as different makes of plates and light filters. The photographs were 
taken at various altitudes and under varying light conditions. The Hydrogra- 
pher and launch appeared in each photograph for purposes of control. This 
series of experiments proved quite conclusively that airplane photography is of 
little practical use in locating submerged obstructions. 

B. F. Church served on the research committee until September, 1919. Dur- 
ing this time he kept in touch with developments in airplane mapping and did 
some office work on methods of control. 

O. 6. Quilllan experimented with the Atlantic City photographs, and also made 
a study of the different problems connected with aerial mapping until Decem- 
ber, 1919. 

G. C. Mattlson took up the duties connected with airplane photography on 
January 22, 1920. He continued the study of methods and kept in close touch 
with the progress being made by other bureaus and commercial firms. He went 
to New York City in March to inspect the latest types of cameras, and during 
the month of April, 1920, witnessed tests of came^-as at Dayton, Ohio, by the 
Air Service of the Army. He was engaged In office work during the remainder 
of the year. 

W. B. Parker served as vice chairman of the committee on photographic sur- 
veying, a subcommittee of the Board of Surveys and Maps. 

INTKBNATIONAL LATrrxn)E STATION AT UKIAH, CALIF. 
[F. J. Nbubaubb.] 

During the fiscal year the identical observing program in use for the last six 
years was followed at the Ukiah observatory throughout the year. In all 
2,079 star pairs were secured, divided about evenly per group. 

The Instrumental constants were determined at least once a month throughout 
the year. This enabled the observed to have the zenith telescope under perfect 
control. All indications seem to show the instrument In very good condition 
all the time. 

The observer received twice during the past year emphemerides of apparent 
places of the stars observed. Thus approximate latitudes could be computed 
which served as an index relative to the observer *s own observations. 

A series of observations Is under way for the determinations of new values 
of one revolution of the micrometer screw and the value of one division of each 
of the two latitude levels. To all appearances slight changes took place In the 
value of each. A new method of determination of the variation of latitude is at 
present under experimental investigation here. A photographic zenith tube 
designed by Professor Schleslnger, director of the Yale University Observatory, 
has been Installed recently. Since the method of observing with this Instru- 
ment is entirely automatic, It does not Interfere with the observing program 
of the International program. 

Upon the request of the observer funds were provided to carry on some very 
much needed repairs on the dwelling house, observatory building, and grounds. 
These repairs are under way and practically completed. 

Respectfully, 

E. Lester Jones, Director. 
To Hon. J. W. Alexandeb, 

Secretary of Commerce. 
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